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are transcribed or reprinted, with the original phrasing and
other characteristics retained.

Headlines, editorial reports, and material enclosed in brackets
[] are supplied by JPRS. Processing indicators such as [Text]
or [Excerpt] in the first line of each item, or following the
last line of a brief, indicate how the original information was
processed. Where no processing indicator is given, the infor-
mation was summarized or extracted.

Unfamiliar names rendered phonetically or transliterated are
enclosed in parentheses. Words or names preceded by a ques-
tion mark and enclosed in parentheses were not clear in the
original but have been supplied as appropriate in context.
Other unattributed parenthetical notes within the body of an
item originate with the source. Times within items are as
given by source.

The contents of this publication in no way represent the poli-
cies, views or attitudes of the U.S. Government.
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ANNOTATION

[Text] The book describes the theoretical principles of methods for inter-
pretation of the soil cover from its image on photographs from aerial and

space surveys of the earth's surface. The use of materials from multizonal
and multispectral surveys for the study of soils is discussed for the first

time.

Preface

This book presents the first experience in a monographic generalization of
materials from aerospace surveys for the study of scils. As a result of
the vigorous development of space research methods in the USSR, United
States and other countries a number of new directions have appeared in
this field: space meteorology, aerospace geology, space cartography, space
geography and others having as their objective the further investigation
of the natural resources of our planet.

in an investigation of the earth's resources an important role is played
by materials supplied by automated artificial satellites, menned space-
ships and orbital stations. A full range of photographic and television
systems and methodological procedures has now been developed for surveying
the earth's surface using aerial and space vehicles with subsequent visu-
al-instrumental and optical-electronic processing of the collected mater-

ials.

In the near future the use of aerospace remote methods will make it pos-
sible to solve many problems in the quantitative and qualitative inventory
and study of the soil resources of the USSR. This monograph will be of
assistance in solving these problems. It gives an analysis of methodolog-
ical procedures for the study of the soil cover from the "Meteor" experi-
mental satellites, "Soyuz" spaceships and "Salyut" orbital stations. The
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" ‘possibilities of the MKF-6 camera ('Raduga" experiment) for an aerospace
multizonal survey are demonstrated.

of black-and-white, spectrozonal, -multizonal and multispectral aerial and
space photographs for studv of the soll cover and also data from infrared,
radiocthermal and radar surveys for soil-agricultural purposes. .

‘ The author presents the results of many years of investigations of the use

V. V. Yegorov, Academician All-~Uniou Agri-
cultural Academy

Yu. A. Liverovskiy, Doctor of Geographical
- and Agricultural Sciences
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INTRODUCTION

At the present time the attention of Soviet and foreign researchers is be-
ing given to the use of aerospace materials for study of the soil cover.

In the "Principal Directions for Development of the USSR National Economy
in 1976-1980" the need was pointed out for the expansion of research with
the use of space vehicles in studying the earth's natural resources. Re-
mote aerospace methods are objective high-speed automated systems for the
collection and processing of information on the state of soills, agricul-
tural fields and sown areas. The control of agricultural production can
be organized more effectively on this basis.

One of the naw directions in the field of use of aerospace methods for the
study of soils and sown areas of agricultural crops is the development of
multizonal and multispectral aerial and space surveys. In this method one
and the same sector of the earth's surface is photographed simultaneously
in several narrow spectral ranges. As a result photographs are obtained
which carry the maximum information concerning the soil cover and agri-
cultural crops.

The use of infrared photographic, photcelectronic and radar surveys is high-
ly promising in agriculture (for studying the snil cover and sown areas).

A radar survey can be used in the absence of visibility (through clouds

and even at nighttime). Using radar photographs it is possible to inter—
pret moisture content, some structural elements and the diversity of the
soil cover, the makeup of the upper horizons and the types of agricultural
crops.

A space survey of the soil cover and sown areas of agricultural crops, in
comparison with an aerial survey, for the first time is making it possible
to see soils and agricultural crops objectively simultaneously over ex-
tensive areas, individual mountain systems and the vertical zonality of

the soil-vegetation cover and the nature of irrigation and drainage systems
as a whole. Another important characteristic of a space survey is that

on space photographs there is an objective generalization of the soil
cover; in addition, these photographs make it possible to interpret the
soil cover in individual, frequently inaccessible regions. The use of

space materials will assist in a more thorough study of soils.
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One of the principal and fundamental characteristics of a survey from
space is the routineness in the collection of information on the state
of the soil cover, the nature of snow melting, the development of eros-
ional processes and the state of agricultural crops at a national scale.
Still another characteristic of a space survey is the possibility for a
rapid repetition of the survey. This is especially important for judging
rapidly developing dynamic soil-agricultural processes transpiring at
the earth's surface.

- Aerospace (remote) methods, with the use of corresponding detectors carried

on flight (air and space) vehicles, on the one hand register the reflec-—

- tion of sunlight frum soils and vegetation, and on the other hand, detect
the characteristic radiation of the soil-vegetation cover of the earth's
surface,

The use of aerospace methods is based on the fact that the absorption, emis-
sion, scattering and reflection of electromagnetic energy by different soils
and sown areas is selective and specific for each soil and agricultural
crop.

_ The interpretation of the soil cover is carried out on the basis of its im=-

age on aerial and space photographs, including multizonal photographs.

Studies are made of the Interpretability and possibility of using aerospace

photographs taken in different zones of the electromagnetic spectrum for

- investigating the soil cover and keys are being developed for soil inter-
pretation.

Investigations of soil interpretation in tne field were carried out in the
- territory of the steppe, dry steppe and desert zones of our country.

Investigations in the field of interpretation of the soil cover, agricul-
tural crops and virgin land vegetation have been made using black—~and-
white, color and spectrozonal aerial photographs, multizonal aerial photo-
graphs (green, red, IR zones), obtained using an AFA-39M outfit during the
survey of 1973-1975, multispectral aerial photographs obtained using a
scanner, black-and-white space photographs from the "Soyuz-9," "Salyut-1"
and "Salyut-4," multizonal space photographs from the "Soyuz-12," "Salyut=-
- 4" and "Soyuz-22" and from the "Meteor" experimental satellites.,

In this monograph we alsc give an analysis of foreign black-and-white and
color space photographs from the 'Gemini" and "Apollo" vehicles and multi-
spectral space photographs in four zones of the spectrum from the =RTS
satellite "Landsat," obtained for the territory of the USSR and foreign
countries.

The joint use of aerial and space photographs is the optimum variant for
- interpreting images of the soil cover aund vegetation., The interpretation

of aerial photographs i1s used most successfully in key sectors for study-
ing structural elements of the soil cover. However, in the interpretation
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of space photographs soil scientists meet with a generalized image of the
soil surface. The investigation and interpretation of aerial and space
photographs begin with a preliminary office work period, the importance

of which increases with the use of multizonal photographs and stereoscopic,
optical-electronic and photometric apparatus for the processing of photo-
graphs and films,

The interpretation of aerospace photographs included field surface work
for investigating the soil cover and sown areas of agricultural crops

and checking the results of office interpretation. In the work use was
made of materials from the book of the history of fields, taking into ac-
count data on crop yields. In office and field interpretation, in addi-
tion to data from field investigations, use was made of existing soil and
topographic maps of different scales, plans for the distribution of agri-
cultural crops and materials in the literature.

In the analysis of aerospace materials use was made of the stereoscopic re-
search method, employing a stereoscope and an interpretoscope. The spectral
reflectivity of the soils was measured using air-dried samples, employing
an SF-10 spectrophotometer. In the investigation of aerospace photographs
use was made of an MF-4 microphotometer and the quantitative visual-instru-
mental interpretation method, employing the fwodern "Kvantimet-720" elec-
tronic~optical image analyzer. Chemical analyses of soils were made in the
Mass Analyses Laboratory of the Soils Institute., In addition to experimen-
tal surveys made by the Soils Institute, extensive use was made of mater-
ials from multizonal experimental flights of the Space Research Institute
USSR Academy of Sciences. A considerable part of the space photographs was
furnished by the State Center "Priroda" of the Main Administration of Geo-
desy and Cartography of the USSR Council of Ministers and the State Sci-
entific Research Ceater for the Study of Natural Resources of the USSR
State Committee on Hydrometeorology and Ervironmental Monitoring.
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Chapter 1
HISTORY OF AEROSPACE METHODS FOR STUDYING SOILS

The initial stage in the development of remote methods for investigating
soils is related to the use of aerial surveys. Aerial photographic sur-
veys in soil science, introduced in the 1920's, in a relatively short his-
torical period made an enormous stride forward.

Development and Introduction of Aerial Methods for Study of the Soil Cover
(1927-1950)

The first experimental studies in the Soviet Union on the use of an aerial
survey for soils and agricultural purposes were carried out in the Fergana
valley in 1927.

The importance of an aerial photographic survey as a new method for study-
ing natural resources was outlined by Academician A. Ye. Fersman (1928).
He wrote that an aerial survey gives a precise and objective photographic
image of a territory. It makes it possible to repeat surveys during dif-
ferent periods and ascertain the changes which are introduced by nature
and mar's economic activity in the course of a definite time period. In
1927 in the United States (Bushnell, 1927, 1929) aerial photographs were
used in soil mapping for the state of Indiana. It was established on the
basis of the first investigations that areas of uniform soils could be
discriminated reliably on aerial photographs and then, employing a panto-
graph, could be plotted on a map base.

At approximately the same time attention was given to the use of aerial
methods in Australia (Prescott, Taylor, 1930).

Large-scale soils investigations assumed a broad scale in the USSR during
these years. During the years 1929-1931 alone soil maps at a scale 1:10,000,
1:25,000, 1:50,000 were compiled for a territory with a total area of about
50,000,000 hectares. Materials from aerial photographic surveys began to be
used with increasing frequency in a study of soils. In investigating the
territory of Don River plavni (low areas covered with reeds and trees)
(Levengaupt, 1932) it was found that aerial photographs have a consider-
able advantage over plane-table surveys with plotting of contours. The
aerial photographs clearly depicted all the details of the vegetation
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cover, this being related to the character of the solls to be mapped. As
a result, the boundaries between the s0il varieties were drasm with a high
degree of accuracy.

Among the earliest soll mapping studies with the use of materials from aer-
ial surveys we must also include the soil surveys of Giprovod (State Inst-
itute for the Planning of Water Resources) in 1930-1931. Aerial photograph-
ic materials were used both as a base and for the interpretation of the
soil cover, During 1931-1932 aerial photographs were successfully used in
a s$o0il melioration survey of the Volga-Akhtubinsk floodplain and the Vclga
delta.

In 1931 Academician L., I. Prasolov wrote that the best prospects for the
use of aerial methods in soil science were opening up in the field of in-
vestigation of inaccessible swampy regions and in compiling detailed soil
maps of cultivated regions. In 1933 he indicated that an aerial photograph-
ic survey is a new method for carrying out soil investigations.

During 1932-1940 aerial photographs were used in work on the mapping of
soils carried out in the Ukraine and the Urals, in Kazakhstan, Siberia,
Central Asia and in other regions of our country. It was established on
the basis of these studies that in comparison with surface survey maps the
principal advantage of materials from an aerial photographic survey is as-
surance of orientation in the terrain, accuracy and detail in plotting the
boundaries of areas of uniform soil. Work productivity in soil mapping of
a territory with the use of aerial methods dcubles or triples.

Abroad, in studies involving the use of materials from an aerial photograph-
ic survey for investigating the soil cover (Belcher, 1948; Frost, Woods,
1948; Troll, 1939), mention is made of the need for using the interrela-
tionships existing between soils and landscape elements in interpretation
work. For example, using the relationship between the soil and vegetation
cover, by means of interpretation of vegetation it is possible to deter-—
mine the soil cover of the iInvestigated territory. In soil investigations
the materials from an aerial photographic survey serve for supporting, as-
sisting and deepening work on the mapping of a territory. During the period
of development and introduction of aerial methods for study of the soil
cover 1t was established by a number of Soviet and foreign researchers that
when using aerial photographs there is an increase in the accuracy of the
results and a decrease in the cost of the work.

Aerial Methods in Soil Mapping Work in Different Natural Zones of the
Country (1950-197Q)

During the post-war period, hoth in the Soviet Union and abroad, aerial
methods came into extensive use for the purpose of study of the soil cover.
This stage is characterized by the use of already available aerial photo-
graphic materials in the mapping of solls, as well as the formulation of
special investigzationms.

7
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- In 1950, in a specially organized laboratory for the large-scale mapping
of soils at the Soils Institute imeni V. V. Dokuchayev, under the direc-
tion of Yu. A. Liverovskiy, work was initiated on a method for compiling
large-scale soils maps on the basis of aerfal methods in different soil-
geographic zones of our country. The aerial survey was regarded as a new
methed making it possible to compile soil maps of a fundamentally new
content. Similar work in the field of soil aerial methods was initiated
during this period in the Aerial Methods Laboratory USSR Academy of Sci-
ences and at Moscow State University, The tasks and possibilities of such
- work were dealt with in an article by A. V. Gaveman and Yu. A. Liverovskiy
- : (1953). In this study the authors pointed out the need for developing a
method for the interpretation of aerial photographs for study of the soil
cover, the use of a special aerial survey -- color and spectrozonal, study
of the spectral refiectivity of soils.

During the post-var period in all the principal soll-geographic zones of
our country Investigations were made for studying the distinguishing char-
acteristics of the interpretation of soils and their mapping on the basis
- of aerial materials. In the studies of Soviet specialists published dur-
ing this period there were investigations of the possibility of interpret-
ation and use of materials from an aerial survey for the study and mapping
- of the soil cover in the forest, wooded steppe, steppe, dry steppe and

: desert zonea of our country,

B The dependence between spectral brightness and humus content, mechanical
composition, moisture content, nature of the surface and other soil factors
and properties was established. The landscape principle for interpretation
of the soil cover was proposed. The problems involved in large~scale and
medium-scale soils and soils-meliorative surveying were considered. The
influence of natural and technical conditions for carrying out this work
was established. Color spectrozonal aerial surveying of the soil cover was
beginning to acquire great importance; with respect to the degree of in~

= terpretability of soils this had considerable advantages over a panchrom-
: atlc survey,

_ The considered period (1950-1970) saw the beginning of the use of aerial

methods in special soil investigations: erodability of the soil cover,

soil melioration work and soils regionalization. A number of generalizing

_ manuals were devoted to the methods employed in the mapping of soils on

. the basis of aerial methods. It was exceptionally important to introduce

- a course on the Interpretation of soils into the curricula of universities
and other higher educational institutions.

Color spectrozonal aerial surveying began to come into increasing use in
studies for the mapping of soils. Among the color films Soviet spectro-
zonal and American (Kodak Company) films have good properties for making
surveys in natural and "fictitious" colors; Czechoslovakian, Belgian and
Swiss films have good matural reproduction of colors.

- FOR OFFICIAL USE ONLY
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Work done in this stage dealt with the possibilities of using color spec-
trozonal photographs for the interpretation of soil cover in soddy-podzolic,
gray forest, chernozem and chestnut zones. The advantages of their use in
comparison with panchromatic photographs were clarified. In the soclalist
countries, especially in East Germany, Soviet spectrozonal film has been

used successfully in the interpretation of meadow soils (Asmus, Reinhold,
1966).

In 1952 the Scientific Research Institute of Soils and Fertilizers (United
States) generalized and systematized the requirements imposed on an aerial
survey used in study of the soil cover (Swanson, 1954). It was established
that a scale of 1:20,000 was in the widest use for the mapping of soils.
The time for the survey is selected in dependence on the region, but in
most cases an aerlal survey is made in spring when the soil is freed of
snow and has a minimum vegetation cover.

In addition to individual studies of the use of aerial methods in a soil
survey and on the interpretation of soils, during this period special man-
uals on the engineering interpretation of soils (MANUAL OF AIRPHOTO INTER-
INTERPRETATION..., 1953) and on general interpretation problems (MANUAL OF
PHOTOGRAPHIC INTERPRETATION, 1960, AERIAL PHOTOINTERPRETATION..., 1966)
were published.

The American Photogrammetric Soclety prepared and published a special man-
ual on color aerial photographic surveying (MANUAL OF COLOR AERTAL PHOTO-

GRAPHY, 1968) containing data on the use of color photographs in different
branches of the natural sciences.

In the United States, Sweden, West Germany and other foreign countries ex~-
tensive use is made of a color aerial photographic survey on reversible
color film and printing on color reversible paper, which make it possible
to obtain a better image of color transmission than negative color film
(Gerberman, et al., 1971, Kuhl, 1970),

In the USSR, United States, France and other well—~developed countries work
is being done on the compilation of aerial photograph keys, playing an im-

.- portant role in the office interpretation of soils.

Abroad the pest-war period is characterized by the extensive use of aerial
methods in soil sclence. In a review report prepared for UNESCO (Vink,
1968) it was indicated that only during recent years has there been a more
systematic and fundamental approach to the problem of use of aerial survey
materials for study of the soil cover. In the United States during these
years a considerable part of the agricultural areas was covered by an aer-
ial survey at a scale of 1:20,000; in addition to panchromatic films, in-
frachromatic films are used extensively in soil surveys. Scils are inter-
preted both in the office and in the field. Interpretation criteria have
now been developed for all soil varieties in the United States and the key
criterion for interpretation of the soil cover is the interrelationship
between soils and vegetation. Special investigations for the interpreta-
tion of soils are made at a number of universities in the United States
(Clark, 1957; Muir, 1955).

FOR OFFICIAL USE ONLY
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In Holland much academic and scientific research work on the interpreta~
tion of soils was carried .out by the International Institute of Aer-—

ial Surveying and the Earth Sciences (Veenenbos, 1956).

Much werk on the study and mapping of natural resources and soils was

done in France and other countries. Serious work on the study of the nat-
ural resources of the developing countries with the use of aerial methods
was carried out during this period by the Sciences Department of UNESCO,
whose general director over a period of years was V. A. Kovda, Correspond-
ing Member USSR Academy of Sciences.

In many foreign countries -~ Great Britain, Australia, Belgium, Holland,
India, Italy, Canada, Mexico, United States, West Germany, France, Sweden,
Japan -- aerospace (remote) methods were then used successfully in the
study of natural resources, including the soil cover, when making a soil
survey. Firms in a number of countries (United States, Great Britain, Hol-
land, Italy, Canada, France) carried out similar survey work in develop-
ing countries of Asia, Africa, Latin America. The studies made by foreign
speclalists during this period outlined the characteristic peculiarities
of interpretation of soils from aerial photographs, the good prospects for
the use of aerial methods in study of the soil cover and the effectiveness
of use of color spectrozonal photographs.

During the considered period (1950-1970) of development of aerial methods
in the TSSR and foreign countries an ever-increasing role was played by

soil aerial methods in the mapping of soils carried out in different nat-
ural zones over the earth. Color and especially spectrozonal aerial photo-

graphic surveying of soils was beginning to acquire ever-greater impor-
tance.

Modern Stage in Aerospace (Remote) Methods in Soil Science and Agriculture
(1970-1979)

This period is characterized by improvement in the earlier developed in-
terpretation methods and a changeover from description of the character-
istics of the investigated object to quantitative indices.

In the USSR a number of systematic manuals have beer published on the mapp-
ing of the soll cover with the use of materials from aerial surveys
(KRUPNOMASSHTABNAYA KAROGRAFIYA POCHV, 1971; Afanas'yeva, et al., 1977).

Special fundamental investigations have been carried out for studying the
optical properties of the landscape applicable to an aerial survey (Tol-
chel'nikov, 1974), and also an analysis of spectral reflectivity and soil
color as indices of their properties (Karmanov, 1974).

In carrying out an experimental soil aerial survey in our country and abroad
great attention during these years was being devoted to the choice of tech~

nical and natural conditionms for carrying it out, standardization problems,

10
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preliminary and office interpretation, development of interpretation keys
for soils in different geographical zones and the landscape interpretation
method. Aerial methods are being used on an ever-broader scale in soil
melioration investigations.

This period has been characterized by the successful use of aerial metinods
in soil investigations in Belorussia, Moldavia, Kazakhstan, the Baltic and
Transcaucasian republics, in the Ukraine, Central Asia and Siberia.

A new direction is the development and use of data from a remote aercspace
survey in study of the soil cover and agricultural resources.

The studies of Soviet scientists have demonsirated the broad possibilities
which are opening up in study of the earth's matural resources using space
vehicles. A new branch of science is being created -- space geography, as

pointed out in 1971 by B. V, Vinogradov and K. Ya. Kondrat'yev.

We can note the advantages of space methods for study of the environment
-~ the globality, regularity, periodicity and multisided nature of the ob—-
servations, clarification of the relationships existing between natural
features, the possibility of routine study of the dynamics of natural pro-
cesses and phenomena and investigations of inaccessible natural regions.
The introduction of space methods into geology, soil science, agriculture
and other fields of science is creating new possibilities for study of
natural resources, their space mapping, monitoring the state and preserva-
tion of the environment.

Special investigations are being made for studying the possibilities of us-
ing materials from a space survey in the field of soil science and agricul-
ture. Using space methods it 1s possible tc determine the types of soils,
evaluate moistening conditions, ascertain the areas of agricultural fields
and determine agricultural crops.

R. Chevallier (1973), in generalizing the materials of work in Commission
VII (Interpretation) at the 12th Congress of the International Photogram-
metric Society in Canada, noted that when using surveys from satellites
the main problem is a study of the earth's natural resources, the develop-
ment of optimum scales and conditions for the survey, the carrying out of
multisided surveys from satellites and aircraft, as well as the interpret-
ation ¢/, space images.

In the United States investigations in the use of space materials in the
field of soil science and agriculture are being carried out by the Depart-—
ment of Agriculture in collaboration with NASA (National Aeronautics and
Space Administration). During recent years one of the leading research
studies was the compilation of the first photomap (by the Division of Soil
Mapping and Protection of the US Department of Agriculture) of the entire
country on the basis of photographs from the ERTS satellite at a scale of
1:1,000,000, A total of 595 photographs in the red zone (0.6-0.7er) were
used for this purpose.

11
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At Purdve University (Indiana) M. J. Baumgardner, S. J. Kristof, C. J.
Gahansen, A. L. Zachary and other researchers are carrying out work with
the use of remote investigations for studying soils. Problems in the use
of remote investigations in agriculture are also being made by the Experi-
mental Agricultural Station in Weslaco (Texas), a number of universities
and departments in the United States (Tyers, et al,, 1966, 1969; Westin,
1974; Park, 1968).

In 1975 the American Society of Photogrammetrists published a fundamental
work for the first time -- the MANUAL OF REMOTE SENSING. The first volume
examines the theoretical principles and techniques used in remote surveys.
The second volume is devoted to a photographic interpretation and use of
remote methods, including study of agricultural crops and soils.

In Holland, at the International Institute of Aerial Surveying and the
Earth Sciences the systematic training of specialists for study of soils
with the use of remote methods is being conducted by D. Goosen and others.
At the National Agronomic Institute in France investigations for the devel-
opment of aerospace methods in the field of soil science and agriculture
are being developed by M. C. Girard.

In the USSR two centers have been established for studying the earth's nat-
ural resources using space vehicles: the State Center "Priroda" of the
Main Administration of Geodesy and Cartography of the USSR Council of Min-
isters and the State Scientific Research Institute for the Study of Natur-
al Resources of the USSR State Committee on Hydrometeorology and Environ-
mental Monitoring.

The great possibilities and prospects for the study of natural resources
over the earth which are opening up with the use of space photographs con-
stituted the subject of discussion at international and national confer-
ences in different countries. In the USSR one of the first major scientific
conferences for problems relating to study of the earth's natural resources
from space was the All-Union Scientific School held at the Space Research
Institute USSR Academy of Sciences in 1975 (AEROKOSMICHESKIYE ISSLEDOVANIYA
ZEMLI, 1979).

The problems involved in the use of remote methods in the field of soil
science and agriculture have been discussed in many countries and insti-
tutions, specifically: at Houston (United States) at conferences on the

use of artificial earth satellites for geographic investigations in 1965
and 1975 using the results obtained with the "Skylab" orbital station; at
11 intexnational symposia on remote sensing of the environment at the
University of Michigan; at international congresses of soil scientists

in Australia in 1968 and in Moscow in 1974; at the 12th International Con-
gress of Photogrammetrists in Canada in 1972; at the 13th Session of COSPAR
in leningrad; at the 5th and 6th Congresses of the USSR Geopgraphical
Society; at the 23d International Geographical Congress in 1976; at the 13th
International Congress of Photogrammetrists in 1976 at Helsinki; at the In-
ternational School in Rome and at other conferences.
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Cooperation is developing between the USSR Academy of Sciences and NASA in
the United States in the field of study of the earth's natural resources
using space vehicles. One of the directions is the use of these methods
for investigation of vegetation, soils and land use. The exchange of sys-
tematic attainments in this field between the USSR and the United States
is of great theoretical and practical importance.

In the People's Republic of Bulgaria, Hungarian People's Kepublic, German
Democratic Republic, Mongolian People's Republic, Polish People's Republic,
Socialist Republic of Rumania and other socialist countries work is devel-
oping on the use of remote methods for study of soils and agricultural
CTOpS.

A session of the presidia of the All-Union Order of Lenin Academy of Agri-
cultural Sciences imeni V. I. Lenin and the Academy of Agricultural Sci-
ences of the German Democratic Republic was held in Moscow in 1977. There
was discussion of problems relating to joint investigations of the use of
multizonal space photographs taken with the MKF-6 camera for studying
soils and agricultural crops.

The modern research period is characterized by the use of different remote
aerospace, including multizonal and multispectral methods for study of the

soil cover and areas of agricultural crops in the USSR and in foreign
countries.
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Chapter 2

- AEROSPACE SURVEY OF SOIL~AGRICULTURAL RESOURCES AND EQUIPMENT FOR SUCH
. A SURVEY

A new method for the collection of information on natural resources has
been developing during recent years in our country and abroad, especial-
ly in the United States. It has been given the name remote sensing. This
term was introduced in 1960 by the geographer Evelyn Pruitt (United States)
and is now being used throughout the world. In this method, without direct
contact with the studied object, by the use of instruments it is possible
to register electromagnetic waves reflected and radiated by the earth's
surface from the flight altitude of an aircraft or artificial earth satel-
lite (AES).

The totality of methods used in investigations and in mapping from an air-
craft, artificial satellite, helicopter and other flight vehicles is
known as aerospace methods for studying the earth's natural resources.

The physical properties and characteristics of soils and agricultural plant-
ings can be registered using different instruments in different zones of
= the electromagnetic spectrum of wavelengths (Table 1).

The visible spectrum of electromagnetic oscillations with wavelengths from
— 0.4 to 0.7 P,m is subdivided into different colors (Table 2).

Beyond the violet spectral region lies the ultraviolet, and beyond the red
-~ the infrared.

Aerospace methods for studying the earth's soil and agricultural resources
a1e subdivided into photographic and photoelectronic. During recent years

ever-increasing attention of researchers working in the field of study of

natural resources has been devoted to the use of photoelectronic methods.

On the basis of achievements in development of the latest technology these
methods are finding ever-increasing application in such fields as geology,
meteorology, agriculture, soil sclence, and others.

An aerial survey is a survey of the terrain (from an altitude as little as

hundreds of meters to 20 km) executed from flight vehicles using different
surveying instruments operating in different zones of the electromagnetic
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spectrua. At the present time an aerial survey also includes a photoelec-
tronlc survey. A space survey of the earth results in photographs and
traces of the earth's surface taken from altitudes greater than 80-100 km
from different flight vehicles: research rockets, artificial earth satel-
lites, automatic orbital statioms, manned space stations. Information con-
cerning the earth's surface can be obtained from these flight vehicles as
a result of visual observations, in the form of television images, photo-
graphs of the earth and data from photoelectronic apparatus.

We will examine different types of aerial and space surveys.
Types of Aerial Photographic Surveys of the Earth's Surface

An aerial photographic survey is a method for photographing of the earth's
surface by an aerial camera which is mounted on an aircraft, helicopter or
other flight vehicle.

The choice of equipment and instrumentation for carrying out an aerial sur-
vey of the soil cover is of great importance for obtaining spectrograms and
aerial photographs with the best possibilities for interpretation. During
recent years in our country IL-14 aircraft, specially re-equipped for the
placement of aerial cameras, and r ist recently, also the AN-30, have been
used for photographing the earth's surface.

Modern aerial cameras are classified on the basis of focal length, angle

of view of objective and number of objectives. On the basis of focal length
aerial cameras can be classified as short-tocus (f to 150 mm), medium-focus
(f from 150 to 300 mm) and long-focus (f above 300 mm). Short- and medium-—
focus (focal length) objectives have assumed the greatest importance for
soil surveys, carrying out land surveying and for mapping purposes. In low-
lands and slightly hilly territories it is desirable to use aerial cam-
eras with a short focal length (50-100 mm). Super-wide-angle aerial cam-
eras (50-70 mm) can give the best results in steppe and dry steppe zones

in the territories of the plains bordering on the Black Sea, Sea of Azov
and Caspian Sea, as well as in the lowland expanses of Kazakhstan with
well-developed microrelief. Aerial cameras with a medium focal length (200
mm) should be used in mountainous and highly dissected territories with
local relief of more than 150-200 m.

In a super-small-scale photographic survey (1:100,000-1:250,000) a compar-—
ative analysis of different types of aerial cameras with a short focal
length indicated that for an aerial survey of different territories it is
possible to recommend the TES-50 and 41/7.5 aerial cameras with focal
lengths of 50 and 75 mm (Apostolov, Gorbatov, 1975).

In making a large-scale aerial photographic survey (about 1:10,000) it is
recommended that use be made of an AN~-2 aircraft and an AFA-39 aerial
camera.with a focal length of 100 mm., It is simple to service, is reliable
in operation and makes it possible to obtain photographs with a high in-
formation content. )
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- Table 1. Methods for Aercospace (Remote) Study of Soil Cover and Agricul-

Infrared Survey Radio- Radar
thermal survey
survey

Infrared Microwave

near middle f r

0.74 5.5- 20- 0.8-100 em
-5.5 20 800 m
pm um

§
- tural Crops (According to B, V. Shilin)
= Photographic Survey

Black- Color Spectro- Multi-

and- zonal zonal

white
i Visible Visible~infrared
' 0.4-0.74p m 0.4-1.2um
- 5+108 Mz

Passive (reflected from soil sur-
face or crops [solar radiation];
beyond 1.2P.m emission of fea-

tures)
- Films
Day
Surface, }L n
Weak

Aerial or space photograph

108 107 108 2010%-0.3-103 Mz
MHz MHz MHz

Passive (to 1.2um Passive Active

reflected solar ra- (radar)
diation, then emis- on carr=-
sion of soil-crops) ler

To 1.2pm film, then
photoelectric detectors Antennas

Day and night

Several Tens of
centi- cm and
meters m

Atmospheric windows: Very weak
1.8-5,3Pm, 7.0-14.0

Hm

To 1.2 m aerial or Antenna sig-
space photograph; then nal, curve,
image, signal image
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Characteristic

Range of electro-
magnetic spectrum

Wavelength ()
Frequency
Relationship
of method to
radiation
source

Sensitivity of
element (detec-
tor)

Time of day
in survey

Depth of survey
Nature of atmo-

spheric absorp-
tion

lature of col-
lected data
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Ultraviolet Luminescent
survey survay
Ultraviolet Visible

far near

3000- up to 0.4—0.74rgm
100A  4000A

1.109 8-108

-3 MHz
1010
MHz
Passive Active source

of radiation

on carrier

(secondary lum—
inescence is

excited in

visible light)

Photoelectronic survey

spectro- TV  multispec~
metric trel

UV, vis- Vis- Visible,
ible, IR ible IR

0.3-5.5 0.4~ 054—12.5er
’.Lm 0.74

’,Lm
5.108 MHz

Passive (reflected from
soil or crops [solar ra-
diation]; beyond 1.2um
emission of features;

Photo~ Films, Photomultipliers Detectors with
multi- photomul- electronic
plier tiplier scanning
Day Night Day
Surface, P m
Weak

Almost Strong
total

Sig— Air
nal, photo,
curve, signal,
image curve
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Table 2

Colors of Visible Spectrum of Electromagnetic Oscillations

Color Wavelength, fLm
Violet 0.40-0.44
Dark hlue-violet 0.44-0.47
Dark blue 0.47-0,485
Light blue 0.485~0.50
Green~-1light blue 0,.50-0.52
Green 0.52-0.55
Yellow green 0.55-0.57
Yellow 0.57-0.58
Orange-yellow 0.58-0.59
Orange 0.59-0,60
Red-orange 0.60-~0.62
Red 0.62-0.70

On the basis of angle of view objectives are classified as wide-angle (with
an angle of view from 80° or mors), normal (45~75°) and with a small angle
of view (from 40° or less, long focal length) (Table 3).

On the basis of the number of objectives aerial cameras are classified as
single-, two— and multiobjective cameras. During recent years there has
been a particular increase in the role of multiobjective aerial cameras
employed in a multizonal survey in a study of natural resources, soil
cover and the state of agricultural crops.

A set of light filters was used in carrying out a multizonal photographic
survey in 1973. Data on some of these are given in Table 4. The materials
obtained in this survey were used in our study.

The broad array of aerial survey photographic and photoelectronic appar-
atus carried aboard aircraft enables specialists in the field of study of
the soll cover and agricultural crops to use materials from an aerial sur-
vey not only for the purposes of mapping, but also for study of the makeup
of the composition and properties of soils and determining their fertility.
These data make possible an approach to automation of the process of
interpretation of the soil cover and agricultural crops with use of an el-
ectronic computer. In addition, the methodology used in a number of exper-
iments carried out with aircraft is used whun carrying out space invest-
igations.

Types of Space Surveys and Equipment Used in Study of the Earth's Natural
Resources P
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: The development of space technology and new methods and apparatus for re-
mote sensing (together with an aerial photographic survey) and their sue-
cessful application for scientific and national economic purposes have
created the prerequisites for a new approach to study of natural resources,
especially in the field of soll science and agriculture.

Table 4

Characteristics of Some Light Filters Used in an Aerial Survey in 1973

B Light filter components 7‘effs}*m Q coefficient Thickness, mm

- $25-20, ZhS-16 0.499 9.4 8

- $z5-22, ZhS-17 0.519 9.7 10
$28-23, 0S-12 0.587 8.2 10
Zhz5-18, Ks-10 0.637 8.2 8

, © KS-17 0.683 43,7 5

The first visual observations of the earth's surface from space were made
in 1961 by the cosmonaut Yu. A. Gagarin. G. S. Titov for the first time
in history carried out a survey of individual natural features by camera.
Visual observations from space were also made by other cosmonauts.

A great number of original photographs of the earth's surface was obtained
in the USSR and in the United States as a result of flights of spaceships
and artificial earth satellites. Black-and-white, color, and spectrozonal
photographs at scales 1:200,000~1:2,500,000 and smaller have a clear image
of the soil cover and agricultural fields.

The images of the earth obtained from space can be divided into two main
groups: original space photographs and television images. The original
photographs are characterized by high measurement and interpretation prop-
erties. In comparison with space photographs, a television survey has ad-
vantages with respect to frequency, repetition and regularity of collec-
tion of images of the earth's surface. However, television photographs are
characterized by a lesser resolution.

In the Soviet Union photographing of the earth's surface from space, with
the obtaining of original space photographs, was accomplished using hand

cameras and photographic apparatus from the automatic stations "Zond-5,"

"Zond-7" and "Zond-8," the '"Vostok," "Voskhod" and "Soyuz" spaceships and
the "Salyut" orbital station. Photographing of the earth was carried out

during flight of the "Voskhod-2" ship-satellite in 1965 during the emer-

gence of A, A. Leonov into space. :

During 1968 the "Zond-5" automatic station was used in obtaining the first
glotal photographs of the earth from an altitude of about 90,000 km.
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During the first docking of the "Soyuz~4" and "Soyuz-5" spaceships in or-
bit the cnsmonauts Ye. V. Khrunov and A. S. Yeliseyev emerged into open
space and carried out visual observations, still and motion picture sur-
veys of the earth's surface. In accordance with the program, during the
group flight of the "Soyuz-6," "Soyuz-7" and "Soyuz-8'" manned spaceships
observations were made and photographs were taken of the soil-vegetation
cover and the nature of the geological-geographic features in different
regions of the USSR.

A space survey was made for territories well studied in natural respects
for the purpose of developing a method for using space photographs for
studying the earth's natural resources. Another important aspect of the

program was a study of the spectral brightness and contrasts of the earth's

surface in the visible zone of the spectrum (steppe, desert, forested
areas, lakes), necessary for determining the optimum conditions for the
photographing of natural features. As indicated by K. Ya, Kondrat'yev, et
al. (1971), by having spectra of natural features obtained from space it
is possible to differentiate types of soils, determine the state of ag-
ricultural crops and solve other problems.

In mid-June 1970 the cosmonauts V. I. Sevast'yanov and A. G. Nikolayev
flew aboard the "Soyuz-9" spaceship. During the flight they made observa-
tions of agricultural fields and the soil cover over the territory of

the Sal'sko-Tsimlyanskiy and other regions of the USSR, In accordance
with the program, they carried out photographing of the earth's surface
in the Northern Caucasus, in the neighborhood of the Caspian and Aral
Seas, Kazakhstan and Western Siberia. Simultaneously with the survey from
space, these same features were photographed from aircraft (Sevast'yanov,
1972). The cosmonauts were able to discriminate sown areas with respect
to the variety of agricultural crops and the phenological stage of devel-
opment. The survey from the "Soyuz-9" was made using a yellow light fil-
ter on small-format panchromatic film using a hand camera with the frame
measuring 6 x 6 cm from an altitude of about 230 km at a scale of about
1:7,500,000, with a resolution of 200-300 m in the terrain.

The long-lived orbital station "Salyut-1" was launched in 1971. It was a
complex manned space vehicle making it possible to carry out a broad com-
plex of scientific experiments in circumterrestrial space. The station
was launched into orbit at an altitude of 240-260 km with an inclination
of 51.6° to the equatorial plane and with a period of revolution about the
earth of 89 minutes.

After the docking of the "Salyut-1" with the "Soyuz-11" spaceship the crew
carried out a spectral survey of characteristic features on the earth's

surface, At the same time, an aerial survey was made of these same regions
from specially outfitted alrcraft of an expedition of Leningrad State Uni-
versity and the USSR Academy of Sciences. During this space flight for the
firsc time there was a continuous reconnaissance photographic survey along
global trajectories running along and across the earth's latitudinal phys-
iographic zones. The survey was made in June with an AFA-ls aerial camera
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= without a light filter with a focal length of 31.6 mm (frame measuring 60
x 70 mm). The photographs were taken using isopanchromatic film type 17.
The scale of the photographs was about 1:8,000,000 with a resolution in
the terrain of 250-300 m. The area covered by one photograph is about 250
km2. These photographs, due to their great coverage, are of greet lmpor-
tance for small-scale speclal mapping.

= The beginning of a multizonal survey of the earth's surface from space is
assoclated with the Flights of the manned spaceships 'Soyuz-12" and
"Soyuz-13" in 1973-1974. The survey was made using the special LKSA-3
9-objective camera in which three photofilms were used simultaneously.

- Further visual observations and photographing of the earth's surface for
the purpose of rational use of terrestrial resources in the interests of
the national economy were carried out during subsequent flights of space-
ships, the orbital station "Salyut-3," launched in June 1974, and during

the "Soyuz-Apollo" joint flight.

Much experimental photographic material from space, necessary for study of
the earth's natural resources, was obtained as a result of the "Salyut-4"
flight. Photographs for a considerable area were obtained for the terri-
tory of our country, primarily in the middle and southern latitudes. Spec—

- trographic measurements of individual geological-geomorpliological forma-
tions on the earth's surface were made. The "Salyut-5" was launched in
1976, and for joint experiments with it, the "Soyuz-21."

The new qualitative characteristics of photography of the earth’'s surface

from space by means of long-term orbital stations of the "Salyut" type are

as follows: 1) the possibility of carrying out a great volume of photo-

graphy with coverage of different survey seasons; 2) repeated surveying of

- one and the same natural features; 3) use of different cameras and differ-
ent films, making it possible to carry out a survey at different scales
and ln different spectral zones; 4) choice of the optimum atmospheric
condirions for a space survey.

The Flight of the "Soyuz—22" spaceship took place in September 1976. It
carrled the MKF=6 multizonal camera, developed by USSR and East German
speciallsts. Photographs of a number of sectors of the earth's surface were
obtained using thils camera in six spectral zones with a high resolution.
During the time of the work pliotographs were taken in the visible and IR
spectral zones in the range from 0.46 to 0u89fLm. With a flight altitude
250-260 km a film measuring 55 x 80 mm covers an area of 115 x 165 km,

that is, about 19,000 kmZ, In 1978, during the flight of the "Salyut-6"
orbital station, a multizonal survey of the earth was continued using the
MKF-6M camera.

In addition to direct photographing of the earth from space, another impor-
tant direction which is new experiencing vigorous growth and development is
a televisilon space survey. In a television survey from a satellite the
photoimage of the earth's surface is fed to a vidicon and then is sent
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through a radio channel to surface TV receivers, from whose screens the
image 1s photographed, and a screen photograph is obtained. Since the time
for exposure of one frame by television systems is 1/25 sec or less, and
the time of its transmission is 200-400 sec, the need arises for using

_ videomagnetic memory systems aboard the satellite. It is also possible to
store Images on a film. Such systems are known as phototelevision systems.

In comparison with photographs from space, television photographs have a
lesser resolution (from 80-100 m to several kilometers); their metric prop-
erties are also poorer due to the nonlinearity of scanning, etc. Whereas
at the present time in the actual study of the earth's natural resources

- from space photomethods, with the best resolution, play an important role,
in the long run scanning systems with the transmission of information from
satellites via radio channels will have ever-greater impor ance. The role
of scanning systems will increase still more if it is take. into account
that in a photographic survey of the earth's surface the deliveries of
materials to the earth are considerably less routine. Precisely the rou-—
tineness of collection of information on the state of terrestrial re—
sources is one of the basic and fundamental characteristics of a survey from
space.

In our country a television survey for national economic purposes is also
made from meteorological satellites, which makes it possible to obtain rou-

- tine information on the state of weather on the earth and the characteris-
tics of the underlylng surface.

Satellites of the '"Cosmos" series were used in 1963 in testing the corres-
ponding television systems and electrotechnical devices. In 1966 the '"Mol-
niya-1" satellite was used in the USSR for obtaining a TV image of the
earth from a distance of 40,000 km, Later during flight of one of the sat~
ellites of the "Cosmos" series photographs were taken of the cloud cover
and the underlying surface in the infrared in the spectral range 8-12 pem. N

Tn 1967 artificial earth satellites of the "Cosmos'" series were launched
for forming the unified 'Meteor" space system. The satellites were put in-
to circular orbits with an altitude of 625-630 km. During 1977-1979 rou-
tine information on the state of the earth's surface was regularly trans-
mitted from experimental "Meteor" satellites in four zones of the visible
and Infrared spectral ranges. :

_ In the United States flights of the "Mercury" (1961-1963), "Gemini" (1964~
1966) and "Apollo" (1968-1971) spaceships made it possible to obtain hun-
dreds of space photographs of different regions on the earth (most of the
photographs were color photographs)., The survey was made with hand small-
format cameras.,

Since 1960 television images of the earth's surface have been regularly
transmitted from American meteorological satellites. The first eight sat-
ell? ns of the "TIROS" series were launched in 1960-1965.
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Satellites of the ITOS series (ITOS -- Improved TIROS) were launched in
1970 into a solar-synchronous polar orbit with an altitude of about 1,400
km (with a period of revolution 115 minutes). They carried TV cameras

for transmission of images of the earth at a real time scale (with a reso-
lution of about 1 km) and in the record (resolution 3.2 km).

The United States meteorological satellite, which is of interest because
its materials can be used in interpretinyg the earth's surface, is the
"Nimbus." The latest satellites of the "Nimbus" series carry a microwave
probe for determining soil moisture content.

The first specialized satellite for studying the earth's natural resources
(ERTS-1 -~ CGarth Resources Technological Satellite) was launched in July
1972 in the United States. The ERTS-2 was launched in January 1975. These
satellites have now been given the name "Landsat." A third satellite was
launched in 1978. The satellites were put into a solar synchronous orbit
with an altitude of about 910 km with a period of revolution of 103 min-
utes. The selected orbit ensures an almost constant solar altitude above
the horizon ~ 35°, that is, identical illumination conditions for each re~
gion. The satellites make 14 revolutions per day and each 18 days there

is a possibility for a repeated survey of one and the same sectors of the
earth's surface.

The ERTS~2 was launched in such a way that the frequency of recurrence of
a survey of one and the same sector of the earth was 9 days, which made

it possible to observe the dynamics of the soil-vegetation cover and the
development of agricultural crops, to study the soil-vegetation cover in
different seasons of the year, to select cloudless periods of the survey
in order to have a better image of the soil-vegetation cover in dependence
on weather and seasonal conditions of the survey, etc. The satellite carr-
ied a multichannel optical-mechanical scanning television camera, the MSS
(Multl Spectral Scanner), an instrument scanning in the visible and IR spec-
tral regions: 0.5-0.6, 0.6-0.7, 0.7-0.8, 0.8-1.1 ji-m. The camera angle of
view 1s 11.5°; in scanning from an altitude of 910 km there is coverage

of a zone with a width of 185 km and the resolution in the terrain is 70-
80 m.

Photographs with the MSS multizonal scanner are of interest for different
branches and departments and are effective when using such automatic sat-
ellites for studying the earth's natural resources.

In May 1973 the "Skylab" orbital station was launched into an orbit close
to circular, with an altitude of 435 km and a period of revolution of 93
minutes. One of the scientific objectives of operation of this station was
an lnvestigation of the earth's natural resources.

Thus, artificial earth satellites, spaceships and orbital stations are used
for studying the earth's natural resources. Special automated satellites

for studying the earth's resources have been developed and used in recent
years. Photographic and television cameras are among the instruments
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widely used on space vehicles. Both space multizonal photography and multi-
spectral scanning of the earth's surface from space are successfully devel-
oping. Infrared and microwave apparatus 1is also used in space surveys.

The altitudes for a space survey of the earth's surface can be divided into
four groups:

1) great altitudes -- 10,000-100,00C km -~ surveys from interplanetary
automatic stations of the "Zond" type;

2) medium altitudes -- 500-1,500 km -- surveys from natural resources and
meteorological satellites; ‘

3) low altitudes -— 200-400 km -- surveys from manned spaceships of the
"Soyuz" type, long-lived orbital stations of the "Salyut" and "Skylab"
type, and experimental satellites;

4) very low altitudes —- less than 200 km -- surveys from experimental sat-—
ellites.

With respect to the area of coverage of the soil cover by a single space
photograph we propose that photographs be classified as:

a) global -- tramsmission of the image of individual continents or the
earth as a whole (for example, photographs of the earth from the automat-
ic station "Zond-5");

b) macroregional -~ images of major parts of the continents with an area
of 100,000 km2 or more (photographs from NOAA, and others);
c) mesoregional -- with coverage of geographic regions with an area of tens

of thousands of square kilometers, for example, the multizonal survey with
the MKTF-6 camera from the 'Soyuz-22" and the "Salyut-6" from an altitude
of 250-260 km in six spectral zones (from 0.46 to 0.89 pim) with an area
of coverage of one photograph of 19,000 km“; a multispectral scanning sur-
vey with the MSS camera from the ERTS (Landsat") from an altitude of 910
km in four spectral zones (0.5-0.6, 0.6-0.7, 0.7-0.8, 0.8—1.1}Lm) with an
area of coverage of one photograph of 35,000 kmZ;

d) regional -- with a coverage of individual regions (landscapes) with an
area less than 1,000 kmZ.

Depending on the survey scale space photographs can be classified as large-
medium—scale (greater than 1:100,000), medium-scale (1:100,000-1:900,000),
small-scale (1:1,000,000-1:9,000,300); generalized (1:10,000,000 -
1:100,000,000).

In the present stage in the development of space technology the resolution
(R) of the space photographs, dependent on altitude (H) of the survey,
focal length (f) and resolving power of the receiving instrument

R = f.ﬂ
r
can be subdivided into:
a) tens of kilometers —- for radar images, the IR range of Soviet and Amer-

ican meteorological satellites, surveys from interplanetary automatic sta-
tions of the "Zond" type or satellites in high orbits;
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b) a few kilometers —- for television photographs in the visible range
from meteorological satellites;

¢) hundreds of meters —- for photographs taken with hand cameras and also
medium—focus cameras from spaceships and satellites;

d) tens of meters -- for high~quality ordinmary and multizonal cameras of
the MKF-6 type and also multispectral scanner systems.

Materials from Aerospace Survey and Instruments for Interpretation

As has been noted, the materials from aerial and space surveys can be used
in studying the soil cover and individual properties of the soil, for de-
termining the yield of agricultural crops and soil fertility, and also as
a cartographic base for the compilation of soil maps at different scales.
It is possible to use black-and-white, color and spectrozonal negatives,
double negatives and double positives obtained in. the course of aerial

and space surveys; black-and-white, color and spectrozonal aerial and
space photographs obtained by the contact method or by enlargement on the
average by 4%-5%; reproductions of preliminary compilations, photomosaics,
photoplans and photomaps. During recent years increasing importance has
been assumed by aerial and space materials from a multizonal survey, tele~
vision photographs, materials from multispectral scanning systems, traces
ohtained from ultraviolet, infrared and microwave radiometers, and radar
photographs of the soil cover and plantings of agricultural crops.

In this section we will examine the importance of materials obtained using
photographic systems; others will be examined in describing new photoelec-
tronic methods for investigating terrestrial resources.

Black-and-white, color, spectrozonal and multizonal negatives and double
positives are of great importance in studying the soil cover and the con-
dition of agricultural crops. Their role has especially increased in con-
nection with the use of multizonal surveys of the earth's surface. The
principal photographic characteristics of black-and-white aerial films
are given in Table 5.

A black-and-white panchromatic film and a yellow light filter were suc-
cessfully used in surveys from the “Soyuz-9" spaceship. In surveys from
the "Salyut-1" orbital station successful photography was carried out
using an isopanchromatic film (type 18) with a yellow light filter.

When making a multizomal survey from the "Soyuz-12" spaceship the photo-
graphy was with different light filters on fine-grained isopanchromatic
aerial film (type 17), coarse-grained isopanchromatic motion picture neg-
ative film KN-3 and coarse-grained infrachrosutic aerial film I-840.

In multizonal photography of desert and semidesert zones of Kazakhstan

in February from the "Salyut-4" orbital station use was made of black-and-
white films: isochromatic of the type AS-1, isopanchromatic of type 17
and infrachromatic of type I-840. A comparison of one and the same solls
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and natural features surveyed from space on different films indicated
that moistensd sectors of the Muyunkum sands and the eastern part of
the Betpak-Dala desert, ancient valleys in the territory of the Betpak-
Dala and contaminated territories in the region of Lake Baykal are in-
terpreted most clearly from photographs obtained from infrachromatic
film and less clearly from photographs obtained with isochromatic film
(Table 6).

In the United States, when carrying out a multizonal survey from the "Ap-
0110-9" spaceship, the photography of the earth's surface was taken on
panchromatic and infrachromatic film. During the period of operation of
the "Skylab" orbital station black-and-white panchromatic film was used
in two surveying cameras of the multispectral photographic apparatus

S 190, whereas infrachromatic film was used in two others covering the

- infrared spectral zone.

When making a super-small-scale aerial survey of the earth's surface Apo-
- stolov and Gorbatov (1975) recommend the use of black-and-white films:
for lowland regions -- types 17, 18, 20, 27, 28, for mountainous regions
-- types 17, 20, 25, 33.

Isoorthochromatic black—and-white aerial films of the RF-3 and AS-1 types
are recommended for aerial surveying in the yellow-green spectral zone.

In addition to isopanchromatic films, the infrachromatic films I-740,
I-760 and I-840 are of great importance for studying the soil cover,

A comparative analysis of the soil cover image on aerial photographs taken

- with isopanchromatic and infrachromatic films indicated (Fig. 1) that on
infrachromatic photographs it is considerably easier to see the boundary
contrast of chernozem and alluvial soils; dark gray, gray forest and soddy-
meadow soils. On isopanchromatic photographs these soil differences are
seen poorly or not at all (Table 7).

The use of infrachromatic film for soil purposes can be recommended for
the detection of soils with a different degree of moisture content, gley-
ey, swampy, irrigated soils. This film is effectively used for discrimin-
ating plowed sectors amidst virgin land with natural vegetation, for the
interpretation of areas of alluvial (floodplain) soils.

However, when using infrachromatic film it must be remembered that in com-
parison with isopanchromatic film there is a deterioration of image devel-
opment in shaded sectors. In order to reduce the influence of shadows it
is desirable that the infrachromatic survey be made at about 1200 hours
with a high solar altitude.

B. V. Vinogradov (1966) mentions the limited possibilities of use of this

film in studying the soil-vegetation cover of arid zones. In a survey

wich this film the dry sectors of brown desert-steppe soils, solonetz and
- other soils merge with vegetation on the photoimage.

- 28
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

FOR OFFICIAL USE ONLY

*ST2A9T U0l

£ea8 $9 sS9IBUTWEIOSTP SITYM 03 OBIq WOIF UITYA ¢ 1azf1eue °3vwWT ,07/-ISWFIUBAY,, 3Y3l Suisn paurel
-qo 919M (SITUN SAFIETOX UT) ISBIJUCD LIepUnoq 3Yyi uo ejep SITQE] juanbosqns pue STyl uj 330N

ST 6 €

ST 0T 6

9 Y T

8 € 0

T 8 6

0T 8 8
048~1 LT 2443 T-sy 2d&3
oF3eWOIYORIIUT ofjeworyouedosT OTIBWOIYDIOST

suo]l Aex8 Jo STSAGT UF dOUIIIITQ

I9A00 BIDT-MOUS ‘sajsem
TeEX3ISnpul £q PoIBUTWEIUOD SIFIOFFIII]

mous £q paxdnod
§10309S puUB STFOS JO S103098 PIUIISTOW

eTeq-yediag Jo sfoTIeA JUSTOUY

Suyusastou
JUSISIIFP YITM STTOS 1I9S9p umoiq-£ein

safye3 Fo uoriedyorized yaim SIFOS
aNFT~-1fel Keal pue STTOS JI9SIP UMOIG-ABIDH

sSTTo0s feid

-mopeau jo uorledrorixed YIfm STFOS OTL
—jeyouoTos TeTARTTE pue sTfos Aead feord{y

rusmouayd I3Yy3jo Io STTOS

SUTTd IUSADIITQ UO ,y—-InLTes, WOoIF uaye]
sydea8ojoyqg 9oedg uo euawWoOudyqd IaYlQ pue STTOS JO (£31T1qR3I91d123UI) 3ISeajuo) Aiepunog

9 =2Tqel

29
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

DTIEWOIYOBIJUT

U0l £e18 JO ST9AST UT IOUSAIIITA

(A1
0¢
1T

7T

€

o13ewoxyouedost

LofoTB8-Appos pue 3soi03 LAexn
LoKkoT8-Appos pue 31sa10F £ead jyieq

LokoT8 1se103 Aeald pue Lean

£o£o18 31so103 Aea8 pue Aea8 qieq

3sa103 Aex8 pue £Leid Nieq

MopesWl ISTOW PUB MOPEOW-TBTANTTY

MOpEBaU-]STOU-[ETANTTE PUBR SWOZOUIAYD Payded]
MopeaW~TETANTIR PUB SWOZOUIDYD PIYIEBD]

L4978 31so103 Ae18 pue SWAZOUIIYD PIAYIBIT]

s11os Aiepunoq Jo duwey

smTTd JUSISIITA YITFM ueyel sydeadoloyd Telasy uo STTOS IO (£3TTTqE12adaslur) 3IsSealuo) Aiepunog

L ®TqBL

_4 \ U] 1 ! |

30

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



CIA-RDP82-00850R000300050024-7

APPROVED FOR RELEASE: 2007/02/08:

FOR OFFICIAL USE ONLY

%°0 0°¢t
%0 0°¢
— 0°1
%°0 9°¢
%°0 9°2
€TI0 -
ST1°0 s°¢c

IdJue

soueTeq -Teq A3FATI

jsexjuo) -—[suas IYSTI

¢L-89

2L-89

00T

€9

8¢

8¢

8¢

wm/SSUTT
‘uoTInyosay

0°C-S°1

0°Cc-S°1

L°c

9°C-L°T

¢°1-8°0

z°1-8°0

JUSTOTIIDO0O
31sea1juo)d

002

0ST

002

00¢

009

00T

0ST
00€-00¢C

09

081

S3Tun IS0
L3rap3Tsues IUBTT
(suyT3 Teuozoilodads
103J) OATIODFF

pue (SW[¥3F [EBTIoE
10700 I03F) Teliol

(293113
3ySTi eT-SUZ YITM)
(€Z-NS; Teuozoaldads

g (2231713

3YSTT BT-SUZ UITA)
(S-NS) TeuOZOI13ORdg

(293TTF IUBTT

8T-SUz uy3rm) (¥-NS)
Teuozoa3oadsg

(T237¥3 IYSIT 9T

-S0 U1TM) (H9-NS)
Teuozoxloadg

#7T-S3

%T-S0

8T—-suz

$193TTF IYSTT yItm
(WZ-NS) Teuozoilvadg

(5~s@®)
aAT3edau 10T0)

(€-NSI)

aaT3edau 10T0D

wTIy [eride jo =244

SmTTJ [RTI9Y TruUOZOI1Dadg PUBR 10TO0) JO SOTISTAIIOBIBYD otydeadojoug

8 219®BL

31

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

yT-sA (% 8T-suz (¢
#T-S0 (¢ m ‘A3TATITSUSS JYITIT SATIVSFFO Fo auoz Texlvadsg (T
s XTA
MOTT®X. _oaﬁ|Qﬁ DTIBWOIYOOYIAD Iomo]
_ofdang | 8I'DW [ | 089—08S DJIBWOTYIUEF | STPPTR | (EZ~NS)
anTq 3YySTT _ 008—029 " dT3emORYORIFUT xaddp Teuozoildadg
atdang’ [ 009—-008 DTIBWOIYDIOYIAQ aamo] . (§=NS)
w us9aB3-ysmg 81-0% L oog—oze | dT3IvWOAYOBIFUT xoddn Teuozoxjoadg
! aniq 3IY4ST1T [ 069~ 0.5 h Ao..muwawumuuwm IOMOT (4=HS).
W ojdang 81-O¥ 1 009—008 DTIEWOAYDOYIIO addp Teuozox132dg
u2313-~-YsEnTg. ) Aom@|dnm .umumaonsunmm I9MO'Y (g=NS)
_ 91dang ¥1-20 008—089 ¢ orarwoIyoRATUT aaddn Teuwozoxjoadg
: atdang 099—0:8 DTITWOIYIUEF |  I9mOT " (H9-NS)
! we9a3~ysTNnig ¥1-20 Aoomlomm OTTEWOIYOBIJ UL xoddp - Teuozoxzoedg
A ¥ +1-0% -
€ FI-D0 0£9—0.8
a1dang | Z81-D0X 0L9—01¢ oT3RWOIYOURY aoMOT
7 ¥1-03 &
| € ¥1-00 . (WZ-NS)
uesx8-ysinig | Tej-ox 008—0.9 OFIeWOIYDBIFUT aeddp Teuozox1o3dg
! an{q 34311 — 089—009 dT3rWOIYOUR] I2MOT _
: a1dang - 085008 uﬁumaouﬁ_uoﬁﬂho STPPTIH . (¢-NS1)
MOTT?A — 08b—00F POz TITSUISUN. Iaddg 3aaTIedau 10T0)
T OTJrsoa
| 20702 88Ul _m.awuﬂﬂw. U pssonomnasagy | SCOFSTMES 3O 3UF | 134eT] ETM 1eTaee jo 2dLJ,
! ' 3 —o138> yonanswapde] ~ZTITSUIS Jo adAf i
i _ IYITI BHUE BEHAVBALNIUD _
i i

—

(L96T fAmPisuepiol **{ °y
03 BuFpaoddy) SWITd T[BTLdV Teuozox1dadg pue I0TO0) FO AIFATITSUSS IYBIT SATIVSIIH FJO sauoz Tealdadg

6 2T9qBlL

32
FOR OFFICIAL USE ONLY

EY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

FOR OFFICIAL USE ONLY

Fig. 1. Aerial photographs of one and the same territory obtained using
different aerial films. At top —— isopanchromatic; at bottom -— infra-
chromatic (1 -~ leached chernozems; 2 —- gray forest gleyey soils; 3) al-
luvial-meadow; 4) alluvial-moist meadow).

This film can be used successfully in soil melioration work.

Color and spectrozonal aerial films. In the study and proper interpreta-
tion of the soil cover color and especially spectrozonal aerial films
have broader possibilities. The human eye perceives the differences in
chromatic tones tens of times better than the tonality of a gray scale.
The use of the color differences of the soil-vegetation cover in the case
of a survey on color aerial film considerably broadens the possibilities
for soil interpretation.
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Among the color multilayer films there are two principal types: color
three-layer aerial films which reproduce the soil-vegetation cover in
natural (or nearly natural) colors and spectrozonal two- or three-layer
aerial films with an image of the earth's surface in conventional colors.

Color reversible three-layer aerial films for neutral and transformed
color transmission of the earth's surface are widely used abroad.

Modern color films, both in our country and abroad have a quite high sen-

sitivity, low distortion, good color balance and resclution (Table 8). -
They can be used successfully not only for a qualitative, but also quan- ‘
titative interpretation of the soil cover and plantings of agricultural

crops but are inferior to black-and-white aerial films with respect to the ‘u
economy of photoprinting.

TsN-3 color negative film is an improved TsN-1 type with respect to color

transmission, with a higher resolution and light senmsitivity. This is a .
three-layer film; the arrangement of its layers, the type of sensitizing -
of the emulsion and the spectral zones of effective light semsitivity are

indicated in Table 9.

Good results were obtained in the USSR in a survey from space using SN-6M
and SN-8 spectrozonal films (zones of sensitivity 570-650 and 650-800 nm
respectively). A somewhat worse image of the earth's surface was obtained
in a space survey on TsN-3 color film (zone of sensitivity 450-730 nm)
with natural color transmission.

Color natural film of the Kodak Ectachrom MS type and color IR Kodak-Ecta-
chrom Infrared film was used during flights in the American spaceships
"Mercury," "Gemini" and "Apollo" for extensive survey work.

In the irrigated zone of the Colorado River (United States) color IR film

was also successfully used in discriminating agricultural fields up to

20 hectares in area, occcupied by different crops, from the red and gray-

green color. A red color was characteristic of fields with alfalfa and -
a gray-green color is characteristic of fields with harvested cotton. In

a mountainous area a brown-red color corresponded to coniferous forests

(Pinus ponderosa) and a light red color corresponded to oak forests.

In the study of soils with different moisture content (from 2-8 to 30-34%)
it was established that the best results in determining the moisture con-
tent of plowed soils were obtained in an aerial survey from an altitude ;
of 600-1,200 m on color IR film (Sewell, Parks, 1972).

The use of negatives and photometric instruments makes it possible to
carry out quantitative measurements of the photoimage of the soll cover,
based on determination of the density of blackening of the analyzed nega-
tives. It is now acknowledged that the photometric approach to the study
of soils from negatives is one of the promising means for automation of

34

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

FOR OFFICIAL USE ONLY

interpretation of the soil cover. The basic studies on use of photometric
instruments are now being made using black-and-white negatives. However,

there are investigations of the use of color and spectrozonal images for

these purposes.

Black-and~white, color, spectrozonal and multizonal contact or enlarged
- aerial and space photographs are of basic importance for visual-instrumen-—
tal interpretation of the soil cover and its mapping.

In accordance with the type of aerial survey cameras used the common size
of aerial photographs is 18 x 18 ecm; 24 x 24 cm; 30 x 30 cm; for multi-
zonal cameras it is 7 x 7 cm. The photographs taken by a multispectral
scanning system can have the form of strips. In our country a silze 18 x
18 cm is used for measurement and cartographic purposes and the principal
photogrammetric instruments have been developed for this size; abroad

a size 24 x 24 cm is used for this purpose. Aerial photographs measuring
30 x 30 cm are convenient for interpretation of the soil cover.

- A considerable economic effect can be obtained when using photographs en-
larged by 3-4X in comparison with the original. According to data publish-
ed by American specialists, a photographic enlargement of the space photo-
graphs obtained with the ERTS for the purpose of facilitating their soil
interpretation and increasing the information yield is dependent on the
negative quality and after a 5* enlargement gives virtually no increase
in information.

The scale of the photographs is determined using the formula 1/m = £/H,
where £ i{s the focal length of the objective, H is survey altitude.

Near-vertical aerial photographs have a normal end lap of 607% and a side
lap of 40%, which ensures inspection of stereopairs with stereoscopic in-
struments. Aerial or space photographs are of importance for soil mapping
because they are a good geographic base. The great number of detalls
appearing on aerial photographs make possible a more precise identifica-
- tion of the location of soil profiles and orientation in the terrain.
Aerial or space photographs constitute completely objective material on
natural conditions and the soil cover, which is obtained using photo-
graphic or phototelevision instruments.

It is particularly important that on aerial and space photographs there
are a number of direct and indirect indicators necessary in interpreta-
tion of the soil cover. This property makes it possible to carry out the
office interpretation of soils and with the development of knowledge
concerning the image of different soils on photographs and the development
of soil keys it is possible to reduce the time-consuming field work for
study of the soil cover gradually to a minimum.

The reproduction of a preliminary compilation is a mandatory supplement
to aerial photographs. These are prepared from aerial photographs (con—
tact prints) and make it possible to draw conclusions concerning
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the correctness with which the aerial survey was made. On the reproductions
of the preliminary compilation it is mandatory to indicate the number of

the sheet, the number of the rectangle, the names of individual populated
places, rivers, lakes and some other features. This information makes pos-
sible a rapid determination of the region and the numbers of the aerial pho-
tographs required for the work. .

Photomontages are an assembly of unrectified aerial and space photographs
(that is, the use of photographs without elimination of existing distor-
tions).

A photoplan is a plan of the terrain (mosaiced montage), assembled from rec-
tified aerial and space photographs. It has a coordinate grid. On photoplans
the relief is frequently drawn in with contour lines. Accordingly, photo-
plans are valuable material for studying the soil cover and its mapping.

We note that when photoplans are available there is no need for photomon-
tages.

Photomaps (black-and-white and color) are the most valuable base for carry-
ing out soil mapping. They constitute polygraphically reproducible photo-
plans on which contour lines are used in plotting local relief, whereas
hachures are used for representation of the topographic necessary for the
soil survey. In comparison with topographic maps photomaps provide a sav-
ing, according to preliminary computations, up to 15% of the cost of work
on a specialized survey (Gol'dman, 1972).

Instruments for interpreting soils and agricultural crops. The visual-in-
strumental method for the study of photographs is the most promising for

soil interpretation. It provides for the extensive use of photometric and
photogrammetric measurement instruments under field and office conditioms.

Depending on their purpose, interpretation instruments can be classified as
enlargement, measurement, stereoscopic, microphotometric and automatic
systens for readout of the image.

Among the magnification instruments extemsively used in the soil inter-
pretation process are monocular lenses with different magnifications.
Those with 2X and 4¥ are most widely used.

The measurement instruments include parallaxometers, parallactic plates,
proportional dividers, etc. In the mapping of soils the use of proportional
dividers 1s of great importance for eliminating a noncorrespondence of
scales (between the photograph and map) in the tramnsfer of special content
from the interpreted photographs onto topographic maps or land surveying
plans. Among the measurement instruments used in the interpretation of

the soil cover an Important role is played by MF-4 and IFO-451 microphoto-
meters and among the foreign instruments -- a high-speed microphotometer
with a contiguous stand and a compensation automatic recorder produced by
"Karl Zeiss" in the GDR and others. The use of these instruments for meas-
uring optical densities of aerial photograph negatives makes it possible
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to ascertain the nature and individual preperties of soils in the analyzed
territory. The '"Macbeth" TR-527 instrument (United States) makes it pos-
sible to determine the density of negatives and positives with an accuracy
0.02D.

Among the stereoscopic Instruments are stereoscopes of different makes,
stereometers, interpretcscopes, the SP-2 stereoscope-pantograph for the
transfer of features, and universal stereophotogrammetric instruments mak-
ing it possible to obtain an image of the relief, measure it and draft it
in contour lines, as well as to transfer soil areas from photographs to
the map.

Among the automated systems for image readout are the "Kvantimet-720"
("Quantimet-720") optical-electronic instrument produced by "Metal Re-
search" (Great Britain), which can be used successfully in studying the
photoimage of the soil cover on aerial and space photographs.

Connected to the "Kvantimet-720" instrument is an epidiascope, used in ob=
taining images from aerial and space photographs, diapositives and films
by means of transmitted and incident light with a dark field. Scanning
devices —- vidicon and plambiion -~ transform tbe image into electric sig-
nals for reception by the instrument detector. These devices have been
developed for the precise analysis of images and have digital control of
scanning. The results of measurements, repeated 16 times, have an accuracy
to 1%.

Among the processing instruments necessary for the computerized interpret-
ation of multizonal photographs we note the "P-1700" "Photomachine" devel-
oped by "Optronics International” in the United States, making it pos-
sible to carry out rectification of the photographic image and construct
maps of isodensity lines for the forest and soil cover and for agricul-
tural crops (Sukhikh, El'man, Bogachev, 1978).

The ISI electronic systen (International System Incorporated) makes it
possible to carry out rectification on the basis of densities for both
integral and a series of multizonal aerial and space photographs.

In the synthesis of a black-and-white or color image from multizonal photo-
graphs it 1s possible to use MSP-4 multizonal analyzers preduced by "Karl
Zeiss Jena" (GDR), or the MSV-300 produced by the "Konon" Company (Japan),
whereas the "Phosdak~1000" system produced by the "Kimoto" Company (Japan)
and others can be used in transforming soil information from color densit-
ies.
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Chapter 3

THEORETICAL PRINCIPLES OF INTERPRETATION AS A SOIL STUDY METHOD

A study of the problems related to the interpretavion of aercspace mater-
ials is of the greatest interest among the complex of aerospace work for
the surveying of land resources by soil scientists and a whole series of

other specialists.

The Russian term for "interpretation" (deshifrirovaniye) is a derivative
- from the French word "dechiffrer" -- to analyze, unravel. In both English
and Russian the corresponding term is "interpretation.”" During recent
= years the corresponding Russian term "interpretatsiya" has been used as

a synonym for "deshifrirovaniye."

Originally interpretation was carried out for military-topographic pur-
poses. However, beginning in the 1920's, with the development of civil
aerial surveying, the interpretation of aerial photographs began to ac-
quire a special character. In addition to topographic interpretatdion,
forest, geological, soll, geobotanical, hydrological, agricultural and
other types of special interpretation of aerial photographs began to de-
velop., At the present time the soil cover is being interpreted from space

photographs.

By the term "soil interpretation" is meant the method for studying the
soll cover from its image obtained as a result of aerial or space sur-

veys.

At the very dawn of development of aerial surveying A. Ye. Fersman wrote
that an aerial survey does not characterize any one phenomenon, but dif-
ferent aspects of the landscape. It puts into the hands of the researcher
a dialectic method which in the study of each feature makes possible a
determination of its relationships to others. In this respect a study
of the goil cover from aerial or space photographe is a clear example of

use of the dialectic method.

M. G. Kell' emphasized that the interpretation of aerial photographs is a
multifaceted process and no facet of this process can be separated from
thai branch of research in which it is manifested (Kudritskiy, 1973),
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L. A, Bogomolov (1976), L. M. Gol'dman (1960), G. V. Gospodinov (1961)
and L. Ye. Smirnov (1976) define interpretation as a method for studying
terrain from its image on photographs, as a process for revealing the
diverse content of photographs, based on an anaiysis of the interpreta-
tion criteria and a knowledge of their properties.

General Principles of Soil Interpretation

The interpretation process, from the point of view of knowledge and logic
can be subdivided into a number of basic stages. I. S. Komarov, V. F.
Rubakhin, L. T. Safronov (1967) indicate that with respect to structure
the interpretation process consists of interpretation of individual fea-
tures from aerial photographs and interpretation of situatioms. Three
stages can be discriminated in interpretation: detection, identification
and evaluation. A number of researchers call the third stage "interpreta-
tion"; however if the feature does not show up on the aerial photograph
the interpretation process begins with identification. L. Ye. Smirnov

- (1967) defines the third stage of interpretation as the forming of judg-
- ments concerning individual features, phenomena and the terrain as a
whole. V. F. Rubakhin (1966) ends the third stage in an evaluation of the
results of identification of individual features and &s an independent
final section discriminates the process of real interpretation of situa-
tions. from the aerial photograph, that is, there is a transition from the
identification of one feature to another, from the identification of
simple features to complex ones.

L. M. Gol'dman, R. I. Vol'pe (1968) also divide the interpretation process,
on the basis of psychophysiological principles, into three stages: 1) vis-
ual perception of the studied features; 2) formulation of concepts (taking
into account the conditions for carrying out the aerial survey) concerning
the investigated territory and 3) a conclusion and description of the es-
- sence of the interpreted features.

A number of foreign authors (Buringh, 1960; Vink, 1968) include the fol-
lowing under the term photointerpretation: 1) recognition and identifica-
tion of features appearing on photographs; 2) their analysis; 3) deductionm,
whose role is limited and can be used in the extrapolation and interpola-
tion of data.

- According to Buringh (1960), the term$ recognition and identification take

: in obtaining the most complete and clearest idea possible from the photo-
graph. Some foreign authors use the term photoreading instead of identif-
ication.

M. Girard (1972), in examining the problems involved in the soll interpret-
ation method, discriminates three stages: 1) identification, that is, de-
termining the relatiomships between the feature and its image on the
photograph; this correspondence is not always expressed clearly for soils;
2) recognition, which essentially involves drawing of conclusions concern-
ing the soil cover on the basis of knowledge concerning the morphology of
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soils and the peculiarities of their formation; 3) interpretation pro-
vides for establishing the interrelationships between soils and soil-
forming factors.

In the interpretation of features, including the soil cover, it is neces-
sary to take into account the initial level of interpretatiom. It is depen-
dent on the level of training and capabilities of the interpreter and

also the availability or nonavailability of interpretation keys.

A. P. A. Vink (1968) points out that the term identification or photoread-
- ing must be defined as a method for studying the aerial photographic image,
which is based on a direct study of the features.

The soil, as a natural feature having a definite structure of the genetic
profile and diffcrent soil horizonms, does not show up on aerial photo-
graphs. On such photographs we see indices only of the surface horizon.
However, this main surface horizon is genetically related to the entire
soil profile. Accordingly, by analyzing the image of the surface horizon
on aerial and space photographs in most cases it is possible not only to
determine and interpret soi. boundaries and changes, but also (in field

B investigations when samples are available —- soil interpretation keys or
- soil maps) to determine the soil cover.

According to B. B. Polynov, all soil horizons are paragenetic, that is,

_ interrelated in their origin. On this basis, asserts Yu. A. Liverovskiy,
(1962), the properties of the upper horizon can serve as indicators for
determining the genetic category for the entire soil.

The relationship of the volume of field and office interpretation is of
considerable importance in thils stage of development of the soll inter-
pretation method. Whereas during the first period of study of the soil
cover with the use of material from an aerial photographic survey the
- role of field interpretation was fundamental, with the development of
aerial methods, with the use of new equipment, with the broadening of
- knowledge concerning the peculiarities of the photoilmage of soils on
different films and for different szasons of the year, with the develop-
ment of soil interpretation keys and with use of multizonal photographs
there is a marked increase in the role of preliminary office interpreta-
tion of soils. Without question, in the future with the development and
improvement of aerospace (remote) methods for investigating the environ-
ment the role of office interpretation will increase to the point of
automated computer analysis of the soil cover and plantings of agricul-
cural crops on the basis of aerospace photographs and trace data (when
soil-agricultural interpretation samples are available).

During recent years three principal methods have stood out clearly in the
problem of interpretation of photographs (Zomm, 1975) . The first method,
pre- 1iling broadly until recently, is the visual interpretation method.
The essence of thls method is that recognition of the soil cover is based
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on experience and the ability of specialists to use direct and indirect
eriteria For soil interpretation. Its shortcoming is the descriptive ap-
proach to soil and agricultural resources and a definite subjectivity.

- At the present time it is being replaced by the visual-instrumental method,

in which, on the one hand, there is the most complete use of the logical

inferences of the interpreter, and on the other hand, a quantitative anal-

ysis of the photoimage and interpretation of the soil cover. Visual-in-

. strumental interpretation as an objective quantitative method for study

3 of aerial and space photographs is based on the broad use of such meas-
urement instruments in the practice of soil and agricultural research as
microphotometers, densitometers and optical-electronic image analyzers.

A third method, which is in the stage of initiai experimental investigation,
is related to automation of the process of interpretation of photographs.
It provides for the transformation of the photoimage of the soil cover and
agricultural fields and the statistical processing of the filtered images.
For example, In a soil melioration description of the territory of the
dry steppe zome use was made of optical-structural machine analysis, which
is a method for generalized (statistical) analysis of the morphological
structure of the feature carried out in the optical range (Kozlovskiy, et
- al., 1975). Digital methods in the processing of aerial and space informa-
tion are being developed most intensively in the Soviet Union and in the
United States. They provide for the development of equipment, input of
- data on the image into an electronic computer, methods for its storage and
extraction and creation of mathematical support for the processing of in-
formation (Lur'ye, Tishchenko, 1966).

In a report at the Eighth International Mapping Conference (Bel'chanskiy,
et al., 1976) it was pointed out that three problems are timely among the
principal directions in the development of methods for the digital auto-
mated processing of images: 1) processing and formalization of videoin-
formation; 2) automation of interpretation of photographs with the use of
an electronic computer or optical-electronic instruments; 3) formulation
- of mathematical models in the plotting of predictive maps.

A. Rozenfel'd (1972) discriminates five types of image transformation:
discretization, quantization, coding, approximation and filtration. As
- indicated by L. A. Bogomolov (1976), all these transformations can be
used in automation of the process of interpretation of aerial and space
photographs. However, automatic interpretation simplifies and to a defin-
- ite degree distorts the information on the photograph. It is done inde-
pendently of the environment and without reference to existing natural
interrelationships. As indicated by discussion of these matters at inter-
- national and national symposia, success in the automation of interpreta-
- tion at this stage for the time being can be expected in the solution of
special problems and in narrowly specialized fields of investigation.
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The tasks of soil interpretation can be formulated in the following way:
first, detection and outlining on aerospace photographs of territories
with an identical structure of the soil cover, which must be defined as
unit soil interpretation; second, determination of the content of the

soil units detected on the photographs —-- genetic soil interpretation;

an important independent task is the extrapolation of the results obtain-
ed for individual points (profiles) or key sectors on the basis of visual-
instrumental or instrumental (automated) interpretation of the soil cover.

The specific nature of the soil as a feature to be interpreted also deter-
mines the content of the process of analysis of the photomaterials (Vink,
1968, and others). It includes all aspects of their identification or
- photoreading and also the digital evaluation, determining the mutual re-
- lationship of the photoindicators detected i the interpretation. The
- analysis involves carrying out work for study of the individual components
of the environment and their interrelationships tc the soil cover. Yu. A.
Liverovskiy (1962) mentions the need for using physiographic synthesis as
a basis for soil interpretation. Its importance increases sharply in space
investigations.

A specific property of use of space photographs in soil science is that
in their interpretation (due to the great coverage of considerable ter-
ritories) there is a marked increase in the role of indirect interpreta-
tion criteria, the geographic method for the study of space photographs
and allowance for interrelationships and intercausalities of all environ-
mental components.

- In the study of soils from aerial and space photographs as a point of de-
parture one must apply the principle expressed by V. V. Dokuchayev that
the soil is part of the geographic landscape, is its "mirror." Soils and

. such factors of soil formation as relief and vegetation are reflected on

- photographs in a reduced generalized form. In this connection the inter-

- pretation of soils is essentially based on a comparative geographlic anal-

o ysis of the photoimage of natural or man-modified landscapes.

On the basis of the principles formulated by B. B. Polynov relative to
elementary landscapes and types of terrain, the use of photographs makes
it possible to determine interpretation criteria characterizing the soils
of these landscapes. In formulating the principles for soil interpreta-
tion from photographs we used as a point of departure interpretation, on
- the one hand, of soils of natural landscapes, and on the other -- solls

- of cultivated (plowed) elementary landscapes. ‘

The interpretation of soils and agricultural objects can be improved (es-
- pecially in multizonal aerial and space surveys) if we know the charac-
teristics of their reflectivity in a definite spectral zone and carry out
a survey in those narrow ranges where the spectral differences between
soiis and planted crops are maximum, These matters will be considered
below.
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Spectral Reflectivity of Soils

Multizonal brightness of objects and features, including soils and agri-

cultural crops, is a new and important interpretation criterion which

makes it possible to carry out quantitative measurement of soils and

agricultural fields on the basis of their image on photographs. With the

use of scanning systems the digital processing of multispectral photographs

can proceed until an image is obtained. For example, for studying the soils

of the northeastern part of Kansas use was made of materials from a multi-

spectral scanner having 15 spectral ranges in the zone 0.4~0.9ym. The re-

- sults of the scanning were registered directly on a magnetic tape which
could be processed on an electronic computer. At the same time, a survey
was made on 70-mm color and color IR film. In computer processing use was

- made of the differences in the spectral reflectivity of the soils (greatest
in the near-IR spectral zone), which were registered by a scamner. In each
of the sectors of the electromagnetic spectrum there are differences in
the spectral brightness of the soils and therefore in working in each

= range use was made of the mean values of spectral reflectivity of soils
(Carroll, 1973).

- The use of the photoimage of one and the same objects, obtained simultan-
eously in different spectral zones, makes it possible to obtain addition-
al information on soils and agricultural crops. It can be seen from a com-
parison of two aerial photographs of one of the experimental sectors in
the steppe zone during spring in such a survey, taken in the red (640 nm)

. and orange-yellow (590 nm) spectral zomes, that in the zone 640 nm there

- is reliable discrimination of typical chernozems from meadow-chernozem

soils associated with depressions and also chernozems with different de-

grees of erosion. A field of winter rye stands out sharply amidst plowed
areas of typical chernozems; in the zone 590 nm these differences are con-
siderably weaker, but sectors of freshly plowed chernozems stand out better
as a result of an increase in surface moisture content. In the field of
winter rye it is easy to see a banding which is associated with the dif-
ferent nature of working of the soil, which is completely absent on photo-
graphs of the red spectral zone. Thus, a comparison of the photographs
taken in different parts of the spectrum makes it possible to increase

the interpretability of soils and agricultural fields.

- In this connection, in our country and abroad great interest is being
shown in study of the spectral characteristics of soils and agricultural
crops surveyed in different zones of the electromagnetic spectrum. Inves-
tigations indicated differences in the spectral reflectivity of soils in
dependence on their composition and state. It was established that there

- is an influence of the humus content, light—colored compounds (silicon and
aluminum), carbonates, easily soluble salts, different iron compounds, and
also moisture content and mechanical composition of the soils on the
characteristics of spectral distribution of reflected radiations of soils.
The curves of relative spectral reflectivity of soils (sands, clayey loams),
determined under field conditions (Holmes, 1970), indicated that the maxi-
mum of the differences falls in the zone 0.6-0.7P1m. This is one of the
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survey zones adopted in working with the ERTS satellite.

An increase in soil moisture content to complete capillary moisture cap-
acity reduces their reflectivity by a factor of 2-3 (Obukhov, Orlov,
1964). Yu. S. Tolchel'nikov (1959, 1974) notes that during summer under
field conditions the soils dry out from the surface to an air-dry state.
Accordingly, with a uniform mechanical composition the brightness of the
soils has a direct relationship to its humus content.

N. P. Sorokina (1967) for typical chernozems studied the correlations
beiween the coefficient of reflection for soils and their humus and car-
bonates content. It is shown that with a humus content of less than 57
there is a direct relationship between the quantity of humus and the log-
arithm of integral soil reflection.

The coefficient of spectral reflection of soils has been proposed; RC is
determined using the formula

- RC = 440 + 490 + 540 + 590 + 640 + 690/6

) where 440, 490 and the others are the reflection values for wavelengths
- 440, 490 nm, etc.

In this section we will examine the spectral reflectivity of soils and its
influence on their brightness in different spectral’ zones.

The coefficient of spectral reflection of soils is the ratio of the reflec-
tion value of the soil sample to the value for an ideal surface reflecting
100% of the light for all wavelengths. The term "reflection coefficient

for soils" coincides with the term "brightness coefficient" (Krinov, 1947).
For a definite wavelength X it can be determined using the formula

r}\ = BA/BO
where B) 1is the brightness of the soil surface and By is the brightness
- of the standard (byrate plate) for identical illumination conditions.

Whereas in an analysis of the photoimage of soils on integral panchromatic
photographs it is more important to take into account the reflection coef-
ficient in the visible part of the spectrum, in a multizonal survey it is
necessary to take into account the reflection (brightness) of soils at a
definite wavelength.

The reflection coefficient for soils (with an accuracy to 0.1%) for a def-
inite wavelength was determined directly from the spectral reflection
curve, registered with a spectrophotometer. The SF-10 recording spectropho-
tometer makes it possible to obtain the absolute reflection value in the
visible zone of the spectrum 400-750 nm. In the analysis use was made of

aiv~-dried samples passed through a 0.25-mm sieve. The samples were poured
into instrument cells and leveled by a spherical glass in order to impart
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a uniform roughness to the sample surface during registry hy tne instru-
ment.
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Fig. 2. Spectral reflection curves of experimental sector of steppe zone.
1) meadow-chernozem heavy clayey loam; 2) typical heavy clayey loam cherno-
zem; 3) typical slightly eroded chernozem; 4) typical medium-eroded cherno-
zem; 5) typical medium-eroded chernozem (depth 30-40 cm).

Soil samples of experimental sectors of the steppe and dry steppe zones
were analyzed. Table 10 gives data on the spectral reflectivity of tilled
solls of an experimental sector of the steppe zone. It can be seen that
the total integral reflection coefficient for typical chernozems in the
entire visible zone of the spectrum on the average is 10.7%., Some very
insignificant increase in brightness was observed for typical chernozems
with an increase (up to 11.8%) of effervescence.

Meadow-chernozem soils are close in reflectivity to chernozems (Fig. 2).
In a dry state they cannot be distinguished in plowed land. The differ-
ences in meadow-chernozem soils against the background of chernozems
are attributable to their different moisture content. They are reliably
interpreted due to the nonidentical development of vegetation in these

soils. . . o
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Fig. 3. Spectral reflection curves for soils of undulating sandy plain in
experimental sector of dry steppe zone: 1) meadow-chestnut solonchak-like:
2) meadow-chestnut solonetz-like; 3) dark chestnut sandy loam; 4) meadow
solonchak.
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- The reflectivity for slightly (12.6%) and especially for medium~eroded
chernozems (19-22%) is sharply different from that ef typical chernozems
and meadow-chernozem soils. On photographs they are reliably interpreted
from the light gray image tone.

In a multizonal survey of an experimental sector of the steppe zone use
was made of photographs in the visible zone of the spectrum sensitive
to the green (520 and 540 nm) and red (610-690 nm) zones. In the green
and red spectral zones the reflection of typical chernozems and meadow-
chernozem soils is almost jdentical. In the green zone these soils are
more readily discriminated from calcareous excavated chernozems (the
difference in the reflectivity of these soils in the green zone is 1l.1-
1,2%, in the red zone —— 0.6-0.7%). The differences in reflection be-
tween chernozems and their eroded varieties are sharply expressed in
both the green and red spectral zones.

The spectral reflectivity of solls in the experimental sector in the dry
steppe zone was analyzed for the three principal reglons of this zone.
Dark chestnut sandy loam, meadow-chestnut solls and solonchaks were stud-
ied in the territory of an undulating sandy plain. All these soils, espec~
ially solonchaks, are readily distinguished from one another on the basis
of the mean reflection coefficient in the visible zome (Table 11). The
spectral reflection curves for these soils are given in Fig. 3.

In an experimental sector of the dry steppe zone multizonal surveys were
made at 520 and 540 nm, 610 and 690 nm. A comparative analysis of the re-
flectivity of soils in the green and red zones indicated the following.
The greatest difference in the reflection values for dark chestnut and
meadow-chestnut solonetz-like soils 1s observed in the red (610-690 nm)
zone -~ 5.4 and 6.1% respectively; in the green zone (520 and 540 nm)
zone it is 2.7 and 3.1% respectively with a 4% differemce in reflectivity
of these solls in the entire visible spectral zone.

Salina and meadow solonchaks, having a salt crust on the surface, can be
represented by an identical tone because the reflectivity of the salt
crust (except for the blue-green zone) is close for them, However, solon-
chak vegetation is usually present at the surface of meadow solonchaks.
Accordingly, on the photographs they differ reliably from salina solon-
chaks,

The difference between dark-chestnut and meadow-chestnut soils can be seen

sharply, since for these RC = 12.5-14.9%; for meadow-steppe and steppe

solonetz solls, however, RC = 23.3-24,3% (Table 12). The differences

in the reflectivity of dark chestnut solonetz-like and meadow-chestnut

soils are seen better in the red (610 and 720 nm) spectral zone -- 3.4 and
- 4% respectively, with a general average of 2,4%Z. In the blue-green zome
the corresponding figure is 1.4-2.2%.
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Fig. 4. Spectral reflection curves for soils of ancient runoff valley
of experimental sector of dry-steppe zone: 1) meadow-chestnut solonetz-
like; 2) dark chestnut solonetz—1like; 3) meadow-steppe solonetz soils;
4) steppe solonetz soils.
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Fig. 5. Spectral reflection curves for soils of territory of plateau in
experimental sector of dry steppe zone: 1) meadow-chestnut calcareous; 2)
dark chestnut calcareous; 3) dark chestnut calcareous (small hillocks).
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Fig. 6. Spectral image of territory of sandy desert (according to Kondrat'-
yev, et al., 1972): 1) ground measursments of surface; 2) measurement of
surface from "Soyuz-9."
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Steppe solonetz soils reflect more light and on photographs show up in a
lighter tone than meadow-steppe solonetz soils (Fig. 4). These differences
were also especially clearly established from space photographs of this
territory during the spring survey period when a high soil field moisture
content was expressed in a decrease in reflection of meadow-steppe solonetz
solls.

- The reflectivity of soils was also studied in the territory of plateaus

_ with dark chestnut calcareous, meadow-chestnut calcareous and dark chest-
nut calcareous excavated soils of small hillocks. The reflectivity of
these soils is shown in Fig. 5. The dark chestnut calcareous and meadow
chestnut calcareous soils have a close general reflection coefficient —-
20.0 and 19.1% respectively (Table 13); it was somewhat higher in the red
spectral zone — 24,4-27.6 and 22,8-26%; in the blue-green zone the dif-
ferences in the reflection of these soils are equal to 0 or not more than
1%. In the dry steppe zone dark chestnut and meadow chestnut soils were
most effectively interpreted from photographs taken in the red spectral
zone.

Dark chestnut calcareous excavated soils —— Bmall hillocks [at the
mouth of marmot burrows] —-— as a result of the considerable content of
- carbonates and the lesser humus content in the upper tilled horizon have
: a high reflectivity. On the photographs, in the green and especially in
the red spectral zone, they were represented by a light gray, almost
white tone.

As a result of study of the spectral reflectivity of soils in the steppe
zone it became clear that the lesser the humus content in the soil, the
greater is the reflectivity and the lighter is the soil image on the pho-
tographs, These indices are especially important in the interpretation
of plowed sectors of the soil cover in the steppe zone.

Reflectivity measurements quite clearly indicated that the calcareousness

of rock material is manifested sharply in the blue-green spectral zone,

close to the ultraviolet, where very low reflection coefficients are noted
- for the soils.

At the same time, study of the spectral reflectivity of soils revealed the
necessity for taking into account not only the general reflection coef-
ficient, but also the peculiarities of reflectlon in a specific spectral
zone. Their investigation makes possible a still greater increase in the

- effectiveness of soil cover interpretation, The spectral peculiarities of
the soils and agricultural crops, manifested in different tonality on
multizonal photographs, constitute an important interpretation criterion.

Spectrometric survey of soil cover. Work is successfully developing on
study of the spectral brightness of the earth's surface synchronously
un« - ground conditions, from aircraft and from space.
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As a result of investigation of spectral reflectivity of soils and vege-
tation (Kondrat'yev, et al,, 1972) in the territory of a sandy desert
and from space from the "Soyuz-9" from an altitude of 250 km (synchron-
ously) it was possible to define two fundamental prineiples: 1) during
a survey from space there is an increase in the total brightness of the
soil-vegetation associations in comparison with surface measurements;

2) particularly sharp differences in their reflectlvity are observed in
the blue-green region of the electromagnetic spectrum (Fig. 6).

A spectrometric survey of the earth's surface does not give images in the
form of photographs. It serves for obtaining the spectral characteris—
tics of soils and areas of agricultural crops and the choice of the op-
timum survey zones in a multizonal survey (Rachkulik, Sitnikova, 19763
Tolchel'nikov, Chukov, 1977). For example, ground investigatioms carried
out for study of the surface moisture content of typical chernozems in
an experimental sector of the steppe zone using a spactrometer operating
in the spectral range 0.4~0.5um indicated that the soil dries out rapid-
1y from the surface and moisture content exerts little influence on the
spectral brightness coefficients of the soil (Bulatov, et al., 1976). -

In comparison with a photographic survey, a spectrometric survey for each
s0il or agricultural crop, in dependence on the selected spectral range
and spectral resolution of the apparatus, can give a large number of char-
acteristics., According to data published by Vinogradev and Kondrat 'yev
(1971), it appears that in the range AA0.4-0.7(im with a spectral resolu--
tion AA0.5pm in one spectrum it is possible to obtain up to 60 charac-
teristics of ome soil. An important index is the ratio of the spectral
brightness coefficients (K }\) for definite spectral intervals. It is as-
sumed that

K9 = TArpeq 0.64 = 0.66/r A;p 0.81~0.854 m

is of interest for evaluating moisture content and the humus content in
the soil (Vinogradov, 1976).

A spectrometric survey is of great importance for the semsing of agricul-
tural crops. A study made by foreign specialists in one such experiment
using about 40,000 spectra of these crops indicated that for the recog-
nition of plantings of soy beans, corn, oats, wheat and ved clover it is
most effective to study their spectral brightnesses in three ranges: 0.40-
0.44, 0,66-0.72, 0,72-0.80 pm. The percentage of correct identification
of these crops 1s 85-92%.

We note in conclusion that spectrometric sensing of soils and sown crops,
based on registry of the reflection spectra of sunlight and the charac-
teristic emission of the earth's surface, with respect to the pecullarit-
ies of the measurement method, can be subdivided into: 1) visible and
near-IR —~ 0.3-1.1um; IR, or thermal ~-~ 3.0-300 Hm; 3) microwvave (milli-
meter, centimeter and decimeter radiations).
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At the present time these methods for studying soils and agricultural
crops are in the stage of experimental development in cur country.

Interpretation of Soil Criteria

The specific nature of interpretation of the soil cover relates, in par-
ticular, to the primcipal criteria (direct and indirect) used in the in-
terpretation of aerial and space photographs. The direct interpretation
criteria for the soil cover are tone, color, pattern (texture of the
photoimage), size and shape of the soil units; the indirect criteria are
nature of relief and hydrography, vegetation, man's agricultural activity.

In soil interpretation it is infeasible to be guided by any one interpret-
ation criterion, such as phototone. The most correct analysis of the pho-
toimage of the soil cover can be made only when all the interpretation
criteria are taken into account.

Tone of Photoimage; its Visual and Quantitative Evaluation

The tone of a photoimage of soil and agricultural features on aerial and
space photographs is one of the important, but rather variable criteria.
Visually in soil interpretation it is possible to make successful use of
a gray scale of tones having the following seven stages (Mikhaylov, 1959).

_ Tone Density

1. White 0.1 or less
- 2, Almost white 0.2-0.3

3. Light gray 0.4-0.6

4, Gray 0.7-1.1

5. Dark gray 1.2-1.6

6., Almost black 1.7-2,1

7. Black 2.2 or more

Visually it ic possible to discriminate nine toneé: 1) white; 2) almost
white; 3) light; 4) light gray; 5) gray; 6) dark gray; 7) dark; 8) almost
black; 9) black

In soil Interpretation the presence of a tonal difference between adjacent
soll units is exceptionally important. The interpretation of the soil
cover will be difficult or impossible if its image tone merges with the
general background of the terrain and therefore the transmission of the
boundary optical image contrast (difference in image tone) is the pri-
mary criterion of interpretability of soil formations. In actuality, if
the surface brightness of one soil unit does not differ from the surface
"brightness of another, the boundary between them will not be visible on
ar aserial or space photograph. '
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The brightness contrast is characterized by the centrast value:
Kpy = By - B/B,

where By is the brightness of the object; B is the brightness of the back- -
ground surrounding the object. The minimum brightness difference which is -
discriminated by the eye and which is detected by the photoemulsion is the

contrast threshold and this is demoted AB/B (AB is the minimum brightness -
difference between the object and the background perceived by the eye). The

brightness contrast threshold for the human eye is ~2%. If the contrast be-

tween a soil unit and the surrounding background is above the threshold of

contrast sensitivity, it is reflected by the photographic emulsion.

In addition to a visual evaluation of the tonality of different soils and
sown crops, it is possible to carry out quantitative measurements. Micro-
photometers of the MF-4, IF0-451 and other types are used in measuring the
different density of aerial photographs. -

Using a new electronic instrument, the "Kvantimet-720" image analyzer, it
is possible to discriminate 64 levels of gray tone from photographs and
from films. On the basis of numerous visual-instrumental determinations
these 64 detection levels, in dependence on the determination of the gray
tone on aerospace photographs, were classified into 11 steps in the fol~
lowing way:

1. Black 0-10 7. Gray 35-40
2. Almost black 10-15 . 8. Light gray 40-45
3. Gray-black 15-20 9. Light 45-50
4, Dark 20-25 ° 10. Almost white 50-~55
5. Dark gray 25-30 11. White 55-64

6. Darkish~gray 30-35

On the basis of investigations for measuring the difference AB = By ~ By .
of the boundary optical image contrast of different soil units and plant-
ings of agricultural crops it was possible to prepare a scale of the de-
gree of interpretability of the objects (in relative units).

[The above quantitative scale for .the discrimination of -gray tones was
prepared in determining the detection level from black to white (0-64)
with a setting of sensitivity (response) in manual and automatic regimes
equal to 5.]

Degree of interpretability of objects Difference in boundary contrast
. (levels of gray tone)
Not interpreted or determined doubtedfully 0-2
Weak ‘ "3-5
Medium 6-10
Good 11-20
Sharp 21-30 or more _
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Table 14

Content of Humus, Phosphorus and Potassium in Soils With Different Levels
of Fertility in One of Fields of Experimental Sector of Steppe Zone.
Soils -- Typical, Leached and Calcareous (Excavated) Chernozems

A,
Fywye no Topmy, % 1 Gocdop no Unpukosy 9 Kaaufl no Macnonoh 3
Mroa 100 T nowms 4
0-20 3040 0--20 I 30—~40 l 0-—20 l 3040

- “ Lewvel *I
6,35 5,55 10,4 8,6 20 18
6.56 6,20 10,4 8.0 20 16
6,71 59 .| 12,1 8.6 18 15
6,09 5.67 12,0 9,2 18 16
- 6,79 6.61 1.2 6.3 16 15
6,50 6,35 9,5 7.7 17 15
- 6.22 5,61 8,2 6.8 17 15
~ Mean 648 | 800 | w05 | 77 18 16

- EgNel 1T
6,60 5,9 8,0 — 17 15
6,71 6.07 9,9 7.2 15 15
6.79 5,87 7,6 5,0 17 15
6,60 6.18 6,9 5.9 20 16
6.79 6.72 — 6.1 18 17
6,44 6,20 6,1 6,1 17 16
6,20 5,74 8.2 7.8 16 15
6,50 6,35 8,1 7.6 20 15
6,66 5,69 9,0 8.0 15 14
6,18 5,43 6,8 €.1 14 1
5,26 5.08 6,6 6,1 15 15
6,18 5,43 8.9 8,2 15 4
6,16 5,94 8,2 6,1 17 17
6.60 6,02 9,2 8.2 15 14
6,73 6,42 8,2 8.2 15 14
6,86 5,98 10,2 7.6 15 15
6,24 5,89 8.2 7.8 16 15
5,89 5,58 8,2 - 15 15
6,60 6,42 9,0 8,6 18 16
5.71 5,58 7.5 6.1 17 1
6,60 5,70 8,2. 7,7 17 16
Mean 6.40 5,87 8,5 70 | 16 | 15
N PR y 5 "!Y.‘I-I_I

= 6,75 6,29 5,9 — 5 (3
6,35 5.10 5,7 3,8 13 12
- 6,11 5,23 6,1 5,2 15 12
6,11 5,63 6.6 6.6 t3 13
6,42 6,29 7.4 7.6 15 14
6.38 5,54 6.4 3,2 15 13
6,68 6,42 6,5 5.2 14 13
6.44 6,38 7,5 6.5 17 17
Mean 6.98 5,86 6,5 5,6 7] 13

KEY:
1. Humus (%), according to Tyurin.
2. Phosphorus, according to Chirikov
3. Potassium, according to Maslova
4, mg per 100 g of soil
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- Fig. 7. Aerial photograph of territory of experimental sector of steppe
- zone obtained in red spectral zone (enlargement 3%X); A) field of winter

rye. e

- y /” 7Iia/
- i m

Fig. 8. Levels of gray tome (I, II, IIa, III) detected on aerial photograph
using "Kvantimet-720" instrument. Field of winter rye. Soil -- typical
chernozem and highly leached chernozem; survey time -- spring of 1973;
isopanchromatic film; detection levels from white to black tones.

Thereafter the data from this scale were used in evaluating the reliabil-
ity of interpretation of the soil cover and agricultural fields on both
~ integral and on multizonal aerial and space photographs and films.

It was established in the course of our investigations that the discret-

ization of the initial continuous half-tone image of the soil-vegetation

cover on the photographs into a number of intervals with their quantita-
_ tive discrete coding facilitates the discrimination of regions of the
photograph with similar half-tone intervals. This ensures a better visual
interpretation of slight changes in the brightnesses of the analyzed pho-
tograph and increases the sharpness of perception of vaguely expressed
boundaries of soil-vegetation units. The processing of images on the
"Kvantimet-720" requires the active participation of the interpreter,
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Fig. 9. Color spectrozonal aerial photographs of territory

_ of experimental sector in the steppe zome. Survey time -—-
spring. Water divide sector (at top). Soils -~ typical and
leached chernozems with participation of excavated soils
(at mouth of marmot burrows) on water divides and slightly
and moderately eroded soils on slopes: 1) fallow; 2) field
with boron freshly applied; 3) winter rye; 4) vetch-oats
(sown on 12 April); 5) peas (sown on 10 April); 6) barley
(sown on 9-10 April); 7) gardens; 8) perennial grasses
(regrassing of slopes); 9) meadow-steppe vegetation (meadow-

- chernozem soils). Floodplain sector (at bottom): 10) win-
ter rye, in spring grazed by cattle; 11) stubble (prior year
with weeds); 12) alluvial-meadow; 13) alluvial-meadow-swampy

- soils.
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who together with the machine ensures the most complete and precise so~
lution of the formulated problems in the soil interpretation of the image
of aerial and space photographs and soil mapping.

The "Kvantimet-720" instrument makes it possible, amidst seemingly visu-
ally wniform, alaost white, gray or almost black images of agricultural
fields or soil units, to detect a differentiation in tomne omn the photo-
graphs. This is of great importance for soil mapping. A study of tone dif-
ferentiation 1s of considerable interest because it is related to differ-
ences of soils, their fertility and yields, the state and development of
agricultural crops.

As a result of quantization By use of the "Kvantimet-720" for an almost
uniform white image of a sugar beet fieid (soil -- typical chernozem)

it was possible to diseriminate three units different with Tespect to
the level of gray tome, reflecting the state of development and maturity
of sugar beets. The almost black tone around the sugar beet field on the
photograph corresponds to the photoimage of a plowed surface of typical
chernozem.

Figures 7 and 8 show the discrimination of gray tome levels for a visual-
1y uniform, almost Black photoimage of a field of winter rye (A). There
is some difference in discrimination of the units from the photograph and
from the film, but on the whole the general image pattern is retained.
The first level of the darkest image tone for winter rye vas discovered
at the intersection of two.roads in the direction of a populated place.
The second is situated along roads emanating from the populated place.

It can he assumed that these sectors are the best cultivated and fertil-
ized. In the course of the investigations these assumptions were confirm-
ed. Table 14 gives data on centent of humus and mobile phosphorus and
potassium. With respect to soil humus supplies, the three considered
levels are identical, whereas with respect to content of phosphorus and
potassium there are differences.

In the autumn of 1975, at .ae three levels of the investigated field dis-
criminated by means of an image analyzer, a determination was made of the
yleld of clover (aftercrop). The data ecited in Table 15 indicate a differ-
ence in the three levels with respect to crop yield.

. L)
Thus, the tonal differences on the photographs (frequenfly not distinguish-
able visually) by means of modern electronic readout instruments can be
used for discriminating soils with respect to the degree of soil cultiva-
tion and in determining the yield of agricultural crops.

Table 16 gives the changes in tone of the photoimage of the principal
soils in the steppe zone (for a dry surface) in their interpretation
from isopanchromatic photographs. :
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Characteristics of the photoimage tone of soils on space photographs. On
space photographs another important criterion for interpretation of the
soil cover is tome. In the steppe zome gray and light gray tones corres-
pond to chestnut soils; a dark gray tone is characteristic for typical
and ordinary chernozems. A bright-light toné corresponds to solonchaks,

On the basis of photoimage tone (dark gray, almost black) alluvial-moist-
meadow soils of a low floodplain there is a reliable discrimination from
alluvial-meadow steppized soils of a high floodpldin. A change in image
tone on space photographs serves as an important indicator of the nature
of moistening of the soil cover. For example, on a space photograph of
the territory of Texas obtained from "Gemini-4" on the basis of the dark
tone of the photoimage it is poasible to determine the zone of soil cover
moistening as a result of a recent rain over an enormous territoxy. The
area of the moistened soils has an elongated conical shape.

A specific problem in the use of space materials in soil science is that on
space photographs we must frequently deal with the integral phototone of
the image of soil and agricultural features. A study of individual tonal

- components of individual features and a study of their leading role in
the generalizing photoimage of a space photograph is one of the most im-
portant scientific tasks of the immediate future.

During recent years extensive use has been made of a nultizonal aerial and
space survey of natural features. In the interpretation of the soil cover
on photographs taken synchronously for the same territorial sector, but in
different zonmes of the electromagnetic spectrum,the principal interpreta-
tion criterion is a change in tone and the degree of image contrast for
different soils.

One and the same soil and agricultural units on photographs in different
spectral zones show up in a different tone. For example, in the territory
of an experimental sector of the steppe zone a change in the phototone
of fields occupied by sugar beets or perennial grasses in different spec-
tral zones varies from almost white to dark gray. However, the photoimage
of fields occupied by winter crops changes to a lesser degree and the im-
age tone of plowed sectors of typical chernozems remains virtually con-
stant on photographs in different spectral zones. These characteristics
of a multizome survey make it possible to carry out a more objective in~-
- terpretation of the soil cover and the use of photonetric instruments
makes possible an approach to obtaining the quantitative characteristics
and automation of the interpretation process.

Color of Photoimage of Soil Cover on "Natural" and Spectrozonal Photographs

In connection with the development of color and especially spectrozonal
surveys of the soil cover an important direct interpretation criterion
is .he color of the photoimage of soils, vegetation and agricultural
crops. L. M. Gol'dman (1960), Yu. A. Zaytsev, L. A. Mukhina (1966),
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Polyakov (1972), Simakova (1959), Shvede (1977), J. T. Parry, et al. (1969)
note that on photographs with natural or conventional color transmission
the color is more constant than the phototone of black-and-white photo-
graphs. Changes in survey conditions and differences in character of the
surface cause only insignificant changes in the brightness of the color
and saturation, but not the color of the image, which makes it possible

to use color as a stable interpretation criterion for soils and agricul-
tural crops. ’

Color three-layer aerial and space photographs give a terrain image in
colors close to natural. For example, sectors of the soil cover subjected
to piowing and covered by an agricultural crop differ from one another in
color. In contrast to areas of chernozems having a brownish~dark gray
image color, areas of meadow or alluvial soils show up in a green color
characteristic for vegetation. However, the image of woody and also grassy
vegetation @n ~olor photographs is in poor detail: on photographe there

is an inadequately clear differentiation of alluvial soils of the high
and low floodplain —- soddy-gleyey and drier soddy gleyey soils, etc.

Spectrozonal color photographs have broader possibilities with respect

to the discrimination of different soil varieties. The use of .a spectro-
zonal survey increases the effectiveness of soill interpretation because
soils can be interpreted in that spectral zone in which the differences
in reflectivity are manifested most clearly. Vegetation and soils have a
different reflectivity. Whereas for soils the greatest differences are
observed in the spectral zone with a wavelength of 700 nm or more, for
vegetation the greatest differences are in two zones: 520-600 and more
than 700 nm. The photographing of the soil cover in these spectral zones
increases the degree of their interpretability. Whereas on black-and-white
panchromatic photographs light-gray clayey loam and light gray sandy loam
soils show up in a uniform light gray tone, on spectrozonal photographs
these varieties are characterized by a greenish-yellow color in the

first case and a light yellow color in the second case.

On black-and-white photographs the areas of alluvial and meadow-chernozem
soils with respect to tone usually merge with the image of dark gray forest
gsoils and chernozems. These boundaries can be seen clearly on spectrozonal
photographs.

C. Girard (1972), at the 12th International Congress of Photogrammetrists
in Canada, reported that color spectrozonal aerial photographs have been
used successfully in agriculture. They can be used in determining areas
with different agricultural crops (grains, beets, alfalfa, potatoes, etc.).
The reaction of plants to different applications of nitrogen fertilizers
on the soil is clearly apparent. In individual cases on the basis of the
nature of the image of one and the same crop it is possible to judge dif-
ferent precursors. In fields with mature grain crops it is easy to detect
shortcomings in the chemical processing of the fields from the presence

of weeds., On the basis of the presence or absence of weeds, clearly visible
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on the photographs, it is possible to judge the effectiveness of differ-
ent methods for the weeding of agricultural crops. It is possible to es-
tablish the effectiveness of fallow because agricultural crops sown on
fallow differ clearly from similar crops sown with different precursors.
It 1s possible to discriminate plantings of perennial grasses in depen-
dence on the year of use.

The use of color as an interpretation criterion and the surveying of the
soil cover in a definite spectral zone made it possible to improve the
interpretability of a number of soils in the dry-steppe zone from spec-
trozonal photographs: poorly developed chestnut, chestnut solonetz~like,
meadow-chestnut, steppe solonetz soils formed on Paleogene clays, meadow-
swampy or other soils. Dark chestnut, calcareous dark chestnut, eroded
dark chestnut, meadow chestnut, steppe and meadow-steppe solonetz soils
were interpreted better from photographs of the SN-23 type. Sandy loam
dark chestnut, meadow solonetz, swampy, meadow swampy and meadow soils
are determined more effectively from photographs of the SN-2M and SN-5
types (Polyakov, 1972).

‘On spectrozonal photographs, on the basls of change in color, it 1is easy
to detect different humus content, calcareousness. and change in the mech-
anical composition of the soil, Sandy and sandy loam solls appear light
yellow or in a light green-yellow color; medium and highly eroded areas
also have a light yellow or greenish-yellow color, With an increase in the
content of humus and moisture in the soil there is a change in color from
light green to dark green (in plowed sectors). Surface calcareousness of
soils ig manifested in light green and yellowish-light green tones.

An important advantage of spectrozonal photographs over black-and~white
photographs 1s also that floodplain soils on the basis of their color
show up more differentially, As an example we will examine black~and~
white and spectrozonal aerial photographs of the territory of one of
the floodplains of an experimental sector of the steppe zone.

Alluvial.floodplain soils are formed under the influence of natural silt
deposition by rivers. The analyzed floodplain is covered by sedge-meadow
grass meadows with an admixture of meadow grasses of different species.

On a spectrozonal color aerial photograph a reddish-brown color corres-
ponds to an alluvial meadow-swampy partially drained soll and a greenish-
yellow color corresponds to an alluvial meadow~swampy soil (Fig. 9, see
insert). On black-and-white photegraphs they have light gray and dark
gray tones. In the area of alluvial swampy meliorated soils on spectro-
zonal photographs the reddish~brown and yellowish-green colors clearly
reveal the difference in the degree of moistening of these soils. On
black-and-white photographs this difference is difficult to trace from
the gray and dark gray tones on spring, summer and autumn photographs.

Still another significant advantage of color spectrozonal photographs. over
black-~and-~white photographs is that in exploited areas different agricul-
tural crops show up in different colors in dependence on the development
stage (see Fig, 9 in insert),
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On these photographs it is easy to discriminate sectors of soils with

an open surface having a green color of different saturation. A reddish-
brown color of different intensity corresponds to ravines with meadow-
chernozem soils; the moister and denser the vegetation, the more saturated
will be the reddish-brown color of its image.

In the maturity stage fields of grains have a greenish~-yellow-brown color;
fields of grasses (sweetclover, alfalfa) have a red-orange color; corn
has a brownish color. A reddish-gray color (of different intensity) is
observed for chernozems covered by young shoots of agricultural crops.

In conclusion we will cite experience in investigation of the interpreta-
bility of the soil cover from different types of color spectrozonal aerial
photographs sensitive to different spectral zones, carried out in one of
the sectors of the steppe zone.

An analysis was made of the entire visible zone of the spectrum character-
igtic for the three-layer color negative film TsN-3, the IR and red zones
of the spectrum for the spectrozonal film SN-2M and the more sensitive
film SN-6, the IR and green zones of the spectrum of SN-5 film, the green
and red zones of the spectrum of SN~-4 film, the green, red and IR zones
of the spectrum of color spectrogonal film SN-23.

The soil cover of the analyzed territory is represented by highly leached
chernozems, residual calcareous chernozems, solonetz-like chernozems,
solonetz-like chernozems, and also meadow-chernozem and meadow-swamp
soils.

On SN-6 and SN-5 spectrozonal photographs residual-calcareous soils are
readily interpreted from a yellow-brown or greenish-brown color. On SN-5
aerial photographs areas with residual-calcareous chernozems have a

more greenish color and are interpreted more clearly. On color (TsN-3)
and spectrozonal photographs (SN-4) these solls appear homogeneous or

in a dirty-green color and are interpreted with greater difficulty. On
all types of spectrozonal photographs the areas of solonetz-like soils
(in the case of their plowing) show up in a dark green color due to a
high (~8%) humus content and heavy mechanical composition. Against the
image background of these soils on the basis of light yellow spots there
is reliable interpretation of areas of thin residual calcareous rocky
chernozems. In sectors covered by scrub (blackthorn, hawthorn and other
speciles) or under a sparse vegetation of different kinds of grasses, these
soils are interpreted differently. On photographs from SN-4 film the

dry steppe shows up in a light yellow color; from SN-6 and SN-23 film --
yellowish-greenish; from SN-5 — light green.

Sectors covéred with blackthorn had a brown color on photographs from SN-
23 filr, but on photographs from SN-4, SN-5 film -~ a similar brownish-
dark green color. The least differences in the vegetation cover of forest
and scrubby-grassy vegetation were observed on color (TsN-3) and spectro-
zonal (SN-4) photograpns. It is therefore more difficult to interpret
soils from them.
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Meadow~chernozem and chernozem-meadow soils are covered by forest vege-
tation (oak, pear, poplar and other species). On eolor (TsN-3) and spec~
trozonal photographs of the SN~4 type the image of these soils merge
with the image of highly leached and residual calcareous chernozems; on
spectrozonal photographs of the SN~5 and especially the SN-6 and SN~23
types this difference is sharper in the greenish-yellow-brown cor green-
ish-red-brown colecr. .

. Meadow-swampy soils covered with meadow-swamp vegetation were formed on
the lower part of slopes in mesodepressions. Areas of these soils showed
up clearly on color and spectrozonal photographs of the SN-6 and SN-23
types. These sectors appeared to have less contrast on SN-4 and SN-5
photographs. An analysis of color and spectrozonal photographs of dif-
ferent types indicated that the best results of interpretation of the
soil cover from the different color of the photoimage were obtained from
photographs prepared from SN~6 and SN-23 spectrozonal film. The inter-
pretation of soils of forested sectors was particularly reliable when us-
ing these photographs.

Thus, the color of the soil cover is a reliable interpretation criterion.
However, it is necessary to take into account what type of film, color
or spectrozonal, is used in interpretation. Depending on this, not only
the color diagnostic criteria of the photoimage of the soil cover, but
also the effectiveness of its interpretation will be different.

Specific characteristics of color of soil photoimage on space photographs.
Color is an important interpretation criterion for the study of soils

from space photographs. In the USSR the first color photograph of the
earth was obtained on 8 August 1969 by the automatic station “Zond-7" using
. an aerial camera with a long focal length (400 mm) from a distance of

- 70,000 km.

- During flight of the long-lived "Salyut" orbital station hand cameras were
used in obtaining color photographs on which lateritic and ferralitic soils
- of tropical regions were clearly discriminated (Kravtsova, 1977).

Using color photographs obtained during flights of the "Gemini" and "Apol-
lo" spaceships for desert territories of Africa and Asia with a well-ex~-
posed surface of the soil cover, on the basis of the color differences

we easily determined the following soils. In the territory of the Namib
desert in a survey in June 1965 from an altitude of 330 km on Kodak-Ecta-
chrom film a reddish color corresponded to ridged deflatable and semicon-
solidated sands and an almost white color corresponded to a pebbly-rocky
type of soils of the tropical deserts. In the territory of the southeas t-
ern part of the Arabian Peninsula in a survey in August 1965 from an alti-
tude of 180 km on Kodak-Ectachrom film a reddish color corresponded to
ridced deflatable and semiconsolidated sands of the Rub'al-Khali desert
and a reddish color with a blue hue corresponded to soils of the tropical
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deserts with sandy of fshore bars; the soils of oases had a dark blue color
and coastal lagoons and swamps had a still darker blue color.

In the territory of southwestern Morocco, in a survey in August 1965, from

an altitude of 250 km, on Kodak-—Ectachrom film a dark red color correspond-
- ed to mountainous red-brown and brown soils, On the photograph their eroded
variants had a bright red hue. Cinnamon and gray cinnamon soils had a gray-
yellow color, whereas the soils of oases had a dark blue color.

In our investigations we also carried out a comparison of the photoimages
of the soil cover and agricultural crops of the steppe zone of the USSR

on the basis of color and spectrozonal phatographs taken from space in

the autumn of 1975. On a color photograph southern chernozems are shown

in a brown color and sandy loam and sandy chestnut §gils, on the other hand,
appear light brown; on a spectrozonal photograph the corresponding colors
are violet and light violet. On a color photograph eroded chernozems had

a light brown color; on a spectrozonal photograph —- light gray with a
violet hue.

On spectrozonal photographs it was considerably easier to see differentia-
tion of aliuvial-meadow, moist meadow and meadow-swampy soils, represent-
ed by light violet, violet and dark green with a violet hue respectively.
On color photographs these soils had marked differences of a green colox,
On spectrozonal photographs irrigated fields of winter wheat and alfalfa
were interpreted with greater contrast from a bright green color, whe_eas
an almost white color corresponded to rice fields prior to harvest.

In unirrigated fields winter wheat had a light green color with a violet
hue; the slower the development of the winter sprouts of the winter crop,
the brighter was the violet color. Fields with grasses were interpreted
from a green color, whereas sectors of forest were interpreted from a
dark green color on the image of an SN-8 spectrozonal photograph.

In a space survey, the same as in an aerial survey, the greatest effect
in soil recognition was obtained from spectrozonal photographs.

New possibilities for the use of color as an Interpretation criterion arose
in connection with a multizonal survey. Color images can be obtained from
multizonal black—and-white photographs by means of the additive method. For
this purpose each of the zones during printing from black-and-white neg-
atives 18 colored a definite color and when they are put together there

is a synthesized color image with a natural or conventional color trans-—
mission. The MSP—4 optical-méchanical synthesizer has great possibilities
in this respect. It makes it possible to obtain a color image of soils

and planted crops with the use of those spectral zones where their dif-
ferences are maximum.

Size and Shape of Photoimage of Soil Units
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The size and shape of soll units are direct criteria. With respect to

shape and size the soil units may be very different. These are not charac-

- terized by that clearly expressed definiteness which is observed for topo-
graphic, hydrographic and other terrain features. However, in a number of
cases the size and shape of the units have a definite character. For ex-
ample, in the interpretation of meadow-chernozem and meadow-chestnut soils
associated with depressions and ravines it must be taken into account
that the outlines of these soils are elongated. Meadow and meadow-cherno-
zem soils of depressions in most cases form small areas with a circular

- or "blade" configuration.

The extent of the image of so0il areas is dependent on the survey scale. It

has been established that the limiting possibilities of each scale are de-

termined by the film resolution, aerial camera objective, photopaper and

. human eye. The minimum measurement which can be represented on photographs

; at 1:50,000 is 5 m, 1:25,000 -~ 2.5 m and 1:10,000 -~ 1 m under the condi-
tion that the resolution of the photographs on the average is 10-12 lines/
mm. With a resolution of the eye of 5 lines/mm in the work it is possible
to use photographs enlarged 2-4% or more (8~10%). With the use of enlarged
photographs the interpretability of the soil cover of small complex sectors
of the territory is improved and facilitated. In our investigations photo-
graphs with a scale 1:40,000-1:50,000, enlarged to 1:10,000-1:12,000, had
easily ideuntifiable soll units.

- The shape of the soil units is perceived more readily and is interpreted
more accurately with an increase in the perimeter of the unit and an in-
crease in the contrast between the soil unit and the surrounding background.
This is reflected in the accuracy of soil mapping (Platomenko, 1960).

Elements of the gully erosion (rills and gullies) are successfully inter-
preted from the shapes and sizes on aerial and space photographs. Gullies
are represented on the photographs by a narrow, clearly defined zigzag
shape. Due to the destruction of the soil cover, washing cway of humus and
laying bare of soil-forming rocks they are represented by a bright-light
tone. On aerial photographs it is possible to discriminate all stages in
gully formation from the change in shape and size of the image (Fig. 10).

On aerial photographs ravines have an elongated, somewhat sinuous dendritic
configuration. The bottoms and slopes of the ravines are covered by vege-
tation. On aerial photographs the upper parts of ravines are usually rep-
resented by a uniform gray tone which corresponds to the image of less
moisture-loving vegetation and the development of meadow or meadow-cherno-
zem and meadow-chestnut soils. The middle and lower parts of the ravines
are represented by a dark gray tune, which is caused by the development

of denser moisture-loving vegetation. In a number of cases at the bottom

- of a ravine it is possible to see a thin sinuous dark line corresponding

= to the watercourse and ravine.

Along the slopes of gullies and ravines of different steepness and extent

there are sectors of sheet erosion of the soil cover. The photographs
show the extent of areas of slightly eroded and especially medium and
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highly eroded soils which usually have a configuration elongated along the
gullies and ravines (Afanas'yeva, 1965; Lepeshev, Smeyan, 1975; Semenova,
1961). In the study of the size and shape of soil units, especially of com-
Plex and eroded territories, the use of the quantitative microphotometric
research method is promising (Orlov, 1977; Yantush, 1963).

Fig. 10. Change in shape and size of image in dependence on different stages
in gully formation and soil sheet erosion: 1) washed-out hollows; 2) "hang-
ing gully" stage; 3) gully in stage of development of equilibrium profile;
4) ravines; 5) leached chernozem; 6) leached chernosem with slight sheet
erosion; 7) leached chernozem with medium and heavy sheet erosion.

Figure 11 shows three microphotometric profiles characterizing the photoim—~
age of ordinary chernozem, ordinary chernozem with slight and medium ero-
sion and highly eroded chernozem. We note the different form of the micro-
photometric traces, related to the different nature of vertical erosional
dissection and sheet erosion of the soil cover. The set of similar micro-
photometric traces and photoimages makes possible a more objective (with
quantitative parameters) approach to the study and mapping of eroded soils
from aerial and space photographs.

The materials of aerial and space surveys make it possible to trace the de-
pendence of gully form horizontally on the form of the slope on which lin-
ear erosion develops. For example, linear, rhomboidal, bulb-shaped, lentic~
ular and other forms of gullies can be traced successfully on photographs.
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Fig. 11. Microphotometric soil profiles characterizing the photoimage of
ordinary chernozem (top left), ordinary chernozem with slight and medium
erosion (top right), ordinary highly eroded chernozem (bottom).

Characteristics of size and shape of photoimage of soils on’'space photo-
graphs. On space photographs at a scale of 1:1,000,000~1:2,500,000 in the
steppe zone it is easy to determine natural regions with a different char-
acter of erosional dissection. The photographs show the main gullies,
their lateral branches and sectors with an intensive growth of gully ero-
sion.

In the territory of Kazakhstan and Western Siberia a light, almost white
tone for a formation of small extent with a circular configuration corres-
ponds to a solonchak (salina). NMumerous lakes have a similar size and
shape but a dark tone. As a rule, bitter salt -lakes have a light-colored
annular rim of shore solonchaks. Amidst -sandy expanses, from the ridged
form of the photoimage on space photographs, it is possible to glve a
successful interpretation of fine and coarse ridged sands. The photographs
show that along the main direction of the prevailing winds the extent of
the ridges can attain tens and hundreds of kilometers.

Regions which are agriculturally exploited are interpreted primarily from

. a checkered regular pattern of agricultural fields of a rectangular,

square, polygonal form having a different image tone.'On the basis of field
size it is possible to discriminate unirrigated sectors having larger fields
in the form of squares and rectangles, frequently of irregular configura-
tion, and irrigated sectors with smaller fields having primarily a square
shape of the image on space photographs.

In most cases the size and shape of the soil units are governed by the
nature of the relief of the studied territory and serve as a component
part of different patterns (textures) of the photoimage of the soill cover.
Texture (Pattern) of Photoimage of Soil Cover and its Classification

This criterion is the most stable and reliable in soil interpretation. It
includes a different comhination of sizes, shapes, tonalities or colors

of the photoimage of the soils on aerial and space photographs. The
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<! chief advantage of aerospace materials in comparison with topographic and
land surveying plans is that they characterize the spatial distribution of
the soil cover. The structure of the soil cover is reflected only on aer-
ial and space photographs. Aerospace photographs with the greatest com-
pleteness make it possihle to study the geometry of structures of the soil
- cover, its composition, complexity, contrast, nature of the boundaries
of elementary soil areas.

The characterization of structure provides for the description not only of
the composition and components of the soil cover, but also a study of its
interrelationships, processes of evolution and spatial pattern created by
, the soil units (Fridland, 1972). The materials of an aerospace survey, re-
- flecting in detail the soil-vegetation cover of the earth's surface, make
Il it possible to study the characteristics of structure of the soil cover _
complexly in interrelationship to other elements of the natural landscape.

Different types of spottiness of the soil cover are rather easily deter-
mined in plowed areas when materials from an aerial photographic survey
are available. When these are not available the mapping of spottiness and
complexes becomes time-consuming work which is very costly. V. M. Fridland
(1972), in examining the problem of methods for studying the structure of
the soil cover, points out that an effective method for compiling key pro-
files and maps necessary for the study of structure is the use of aerial
photographs of different types and scales. The materials from an aerial
photographic suxvey make it possible to discriminate mot only areas of dif-
ferent comhination structures of the soil cover, but also to discriminate
. elementary soil areas measuring up to 10-15 m. Elementary soil structures
, with the use of aerial photographs were discriminated in a detailed survey
: in the fields of the Kurskaya Agricultural Experimental Station (Sorokina,
- 1976). ‘

In our investigations of the photoimage texture related to the structure

of the soll cover we use a visual-instrumental quantitative method for

the analysis of photographs with use of the "Kvantimet-720." Table 17

- gives the morphometric indices of a two-component complex in the steppe

- zone, represented by meadow-steppe solonchak-like solonetz soils (situated

' on the main surface of the terrace) and chernozem-meadow solonetz-like soils *
on the bottoms of microdepressions. An analysis of the complex fine-spotted
pattern of the photoimage was made for five areas of virgin land and three

- plowed areas (measurement variants) of a complex each with an area of 1 hec~
tare (the KR and KS coefficients were both computed using formulas cited in

_ a monograph by V. M. Fridland).

The "Kvantimet-720" instrument made it possible not only to obtain the quan-
titative characteristics of the photoimage of structure of the soil cover,
represented by a two-component complex, but also to analyze the patterns of
their spatial variation, For example, the plowing of virgin land sectors
leads to a substantial change in the quantitative indices of their photo-
image. During plowing there is a leveling of surface microrelief and a
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marked decrease in the number of small depressions. This is indicated by a
decrease in the ESA (elementary soil area) number for chernozemmeadow
soils and there is a simultaneous increase in their mean area. There 1s

an evening-out of the boundaries of large ESA, which is manifested in a
decrease in the total extent of the boundaries (total periueter of the
ESA), the mean value of the KR and a decrease in the complexity of the

KS for the soil cover. (KS = complexity coefficient; KR = mean dissection
coefficient)

L. A. Bogomolov (1976) describes an optical-geometric and genetic class~
ification of the aerial photographic image of the textures of natural-
territorial ‘complexes. He discriminates homogeneous structureless, blurred
and indefinite texture, sharp with a clearly expressed unovdered texture,
etc. Photographs are a means for storing soil-agricultural information.

In this connection a new direction is developing —- study of the language
of the photoimage of photographs by means of identification of character-
istic structures. In the future it is realistic to expect an effect from
the use of remote methods for study .of automatic interpretation from spec-—
tral images and image texture.

On the basis of use of ERTS photographs specialists in the United States
have tested machine analysis with the use of a combination of textural and
spectral characteristics for the identification of lands of different cate-
gories of use (coniferous and hardwood forests, meadows, waters, irrigated
lands). The accuracy in determination was 83.5%. Accordingly, study of the
textures of the photoimage of the soil cover on aerial and space photo-
graphs and their classification, determination of the correlations between
them and the structure of the soil cover is a necessary condition for the
reliable interpretation of soils from aerial and space photographs.

As the basls for the classification of the textures of the photoimage of the
soil cover on aerial and space photographs we used the difference in pat-
terns in dependence on the geometry of the photoimage, spectral character-

- istics and genesis of the soils.

The largest subdivisions of textures of the soil cover were discriminated
on the basis of the zonal-provincial principle. They include patterms

of the photoimage characteristic for: arctic and tundra, forest, wooded
steppe, steppe, dry steppe, desert and subtropical zomes.

Depending on the degree of agricultural exploitation of the territories
of the above-mentioned zones it is possible to discriminate the follow-
ing categories of lands: 1) agriculturally exploited; 2) agriculturally
exploited with some virgin lands; 3) virgin lands, poorly exploited lands.

Within the corresponding soil zonme and category of lands there is a subdiv-
ision of textures (patterns) of the photoimage into classes in dependence
on “he conditions under which the soils are formed. The diverse textures of
the photoimage of the soll cover are placed into four major classes (Fig.
12).
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1. The textures (patterns) of the photoimage of the soil cover character-
istic for automorphous, polymorphous and hydromorphous conditions (A, B).

2. Textures (patterns) of the photoimage of the soil cover characteristic
for sectors subject to erosion (with subdivision into territories with the
presence of wind erosion) (C, D).

3. Textures (patterns) of the photoimage of the soil cover characteristic
for floodplain conditiocus (E).

4. Textures (patterns) of the photoimage of the soil cover characteristic
for mountainous conditions.

Within these classes division into different types of textures is carried
out in dependence on geometry: shape, size and spectral characteristics

—~ the different tone of the photoimage of soil units. It must be taken
into account that there can be individual combinations of types of textures
of the photoimage.

Textures of the photoimage of the soil cover determined from aerial photo-
graphs. Now we will examine different types of textures of the photoimage
and their relationship to the nature of the soil cover,

1. For the automorphous conditions of the steppe zome the typical and or-
dinary chernozems of clayey loam mechanical composition are characterized
by a monotonic structureless texture of dark gray or almost black tone
(in the case of fresh plowing of the soils). The soil arcas of extensive
extent are frequently of an indefinite shape. This texture is character-
istic for lowland and slightly undulating territories.

For southern chernozems and dark chestnut soils there is a typical point
texture of a light tone related to the image of hillocks ~- excavated cal-
careous soils on the photographs. Depending on the degree of this pheno—
menon it is possible to discriminate a point structure for southern cher-
nozems and a thinnly spaced point structure (points less frequent by a
factor of 3-4) for dark chestnut soils.

Relatively less common in the territory of the steppe zome is a curved~band-
ed structure characteristic of the image of ridge and interridge depres-—
sions or related to unexpressed differences in the nature of the soil-
forming rocks. As an example of the first case we can mention the image

of southern thin pebbly calcareous chernozems formed on demse rocks in

the territory of low ridges of the Syrtovoye Zavolzh'ye steppe. In the
second case the appearance of a curved-banded texture is attributable to
the image of calcareous clayey loam chernozem on the photographs, formed
on calcareous rocks. The automorphous~hydromorphous conditions of the
steppe zone are characterized by a spotty, dendritic and point-spotty tex-
ture of the photoimage. The appearance of this texture is related to the
occurrence of meadow-chernozem (in the chernozem zone) or meadow-chestnut
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(in the chestnut zone) solls formed in circular or longitudinal depres-
sions. In these cases spotty and dendritic textures have a dark gray or
almost dark image tone. In the northern wooded steppe part, against the
dark gray image background of podzolized and leached chernozems, the
spotty texture can have a light gray tone related to the image of gray
forest podzolized gleyey soils of depressions. '

) Now we will examine the textures (patterns) of the photoimage of the soil
- cover characteristic for halogene automorphous and hydromorphous condi~
tions of the dry steppe zonme. In general, for this class of textures there
is a characteristic complex pattern consisting of a combination of gran-
ular, spotty-openwork, corrugated and trough-dendritic textures. For ex-
ample, a three—component complex of dark chestnut solonetz~like, meadow-
chestnut and meadow-steppe deep soils has a granular, fine-spotted open-
work texture.

= A dotted-corrugated, spotty-openwork texture is characteristic for a com
plex soil cover represented by meadow-steppe solonetz, solonetz-like mead-
ow-chernozem, composite meadow~chernozem and meadow solonchak soils. A
spotty-openwork structure is characteristic of the image of meadow solon-
etz soils against a background of chernozem-meadow solonetz~1like soils.
The image of alkaline podzols has a rounded-spotted texture. Meadow sol-
onchaks on the photographs have a large spot, annular or arcuate texture
of an almost white tone. The formation of annular or arcuate textures is
associated with a soil cover.which is formed around swales, swamps and
lakes. In the dry steppe zone (chestnut soils) weedy solonchaks have form—
ed along the shores of bitter salt lakes; then from the center to the per-
iphery there are meadow solonchaks and beyond them -- solonchak-like meadow-
chestnut soils,.

2. The image of a soil cover subjected to water erosion on the photographs
is characterized by the following textures. A low-contrast shallow-trough
texture of a somewhat lighter tone than the surrounding watershed expanses
is represented by slightly eroded chernozems formed on slizhtly convex
slopes and ravines. Depending on the form of the slope this texture can
acquire a fan-shaped character, for example, in the territory of the heads
of gullies and ravines.

The following types of textures, which were discriminated from the increase
in the degree of erosion of the territories, include striated-rill, ‘striat-
ed-rill-gully, rill-ribbed-gully, rill-gully-ravine~dendritic. The forma-
tion of these textures is related to the development of linear and plane
erosion and is characterized by the presence of slightly, medium- and
strongly eroded chernozems. In the zone of occurrence of southern cherno-
zems on long gentle slopes there is a dotted-troughlike texture. In the
territory of the steppe Syrtovoye Zavolzh'ye the upper part of the watershed
slopes 1s characterized by a dotted-striated-troughlike texture with slight-—
1y roded southern chernozems. A banded-troughlike texture is typical for
short convex slopes of watersheds and the depressions below the watersheds
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KEY TO FIGURE 12

A. Fine-spotted-dendritic (spots of a dark gray or almost black tone) tex—

ture of photoimage of soil cover from aerial photographs, characteristic

for automorphous, polymorphous and hydromorphous conditions of steppe zone:

1) typical clayey loam chernozem; 2) meadow-chernozem clayey loam soil; 3)
meadow-chernozem elutriated soil. B. Complex spotted~openwork-serrated and
troughlike-dendritic texture (dark gray, gray and light gray tones) charac- :
teristic for halogene automorphous, polymorphous and hydromorphous condi- -
tions of dry steppe zonej 1) heawy clayey loam southern chernozem; 2) sol- :
onetzlike southern chernozem; 3) meadow-chernozem clayey loam soil; 4)

steppe solonchak-like clayey loam solonetz soils. C. Troughlike-demdritic

(dark gray, gray and light gray tones) texture of photoimage of soil cover .
subjected to water erosion: 1) clayey loam southern chernozem and slightly

eroded southern chernozem; 2) meadow-chernozem clayey loam soil; 3) southern i
chernozem, calcareous, excavated soil at mouth of marmot burrows. D. Moiré-
spotted-annular (light gray and almost white tone) texture of photoimage
of soil cover subjected to wind erosion: 1) light .clayey loam and sandy
loam meadow-chernozem soil; 2) sandy, deflatable meadow-chernozem soil. E.
Meandering-ox-bow~-segmented (almost black, dark gray, gray, light gray and
almost white tones) texture, characteristic for floodplain conditions: 1)

alluvial sandy; 2) alluvial solonetz-like clayey loam soil; 3) alluvial :
moist-meadow clayey loam soil; 4) alluvial meadow-swampy clayey loam soil

where slightly eroded southern chernozems and meadow-chernozem soils re-

spectively are formed. Individual slopes of watersheds with southern ex-

cavated chernozems and southern eroded chernozems and meadow-chernozem i
soils in longitudinal depressions have a complex dotted-troughlike-—den- i
dritic photoimage texture.

The image of a soil cover subjected to plane water erosion (sheet erosion)
is characterized by a spotty, curved-banded or circular-bladelike dendritic
texture, The photoimage tone, due to sheet erosion of the soil layer con-

taining humus, as a rule has a light gray or almost white tone. In places

with active erosional activity the photoimage texture changes, acquiring
a granular-ravined-dendritic (typical for sodded and forested slopes of
ravines) or ravined-dendritic form (sodded ravines).

The image of a soil cover subjected to wind erosion has a spotty, spotty-
wedgelike and spotty—moiré texture. The photoimage tone for the most part
1s 1ight gray or almost white. Whereas the spotty and especially the

wedgelika texture of a light gray tone is evidence of an active manifesta- i
tion of wind erosion processes, the moird pattern is typical for sandy loam

and light clayey loam sand-permeated soils subjected to a small degree

to deflation processes.

3. Among the textures (patterns) of the soil cover photoimage characteris-

tic for floodplain conditions it is possible to discriminate segmental,
meander-ox~bow lake, meander-spotty, estuary-large-spotted. For example,
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Fig. 13.
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KEY TO FIGURE 13

A, Banded-spotty-mottled field (from almost white to a dark gray tonme)
photoimage texture of the soil cover from space photographs characteris-
tic for the steppe and dry steppe zones (agriculturally exploited terri-
tories): 1) southern chernozems; 2) chestnut and steppe solonetz soils;
3) soddy-slightly podzolic (pinewood sands) with sectors of deflatable
sands. B. Spotty-fanlike-mottled field (from light gray to almost black
tone) texture, characteristic for desert zone (agriculturally exploited
territories): 1) gray soils and gray-brown gypsum-bearing soils of desert
plains; 2) irrigated gray soils and meadow-gray soils. C. Spotty-annular
or arcuate (almost white, light gray or gray tone) texture characteristic
for desert zone: 1) solonchak-salina; 2) meadow; 3) gray-brown desert
soils. D. Spotty slightly striated-dry chanmel (gray, dark gray tome) tex-
ture characteristic for tropical deserts: 1) red-brown highly gravelly
soils of desertified savannas; 2) soils of tropical deserts with banks
along channels; 3) irrigated soils of oases; 4) coastal lagoons and
swamps. E. Delta (gray or dark gray tone) texture: 1) alluvial irrigated;
2) sandy and rocky soils of subtropical deserts, F. Large-ridged (gray
and light gray tone) texture of photoimage characteristic for ridged de-
flatable and semiconsolidated sands. G. Low~contrast complexly dendritic-
crested (gray, light gray tone) texture characteristic for mountainous
territories: 1) mountain red and reddish~brown soils of dry savannas; 2)
reddish-brown highly gravelly desertified soils of savannas; 3) ridged
deflatable and semiconsolidated sands. H. Spotty-banded-crested (from
light gray to dark gray tone) texture characteristic for mountainous ter-
ritories: 1) mountain gravelly gray soils; 2) gray solls and gypsum-bear-
ing crusts; 3) salt domes

a sharply contrasting segmental texture of an almost white tone is charac-
teristic of alluvial sandy soils against a background of alluvial sandy
loam and light clayey loam sand-permeated soils. A meander-ox-bow lake-seg-
mental texture is typical for alluvial sandy, alluvial solonetz-like, clay-
ey loam, alluvial moist meadow, alluvial meadow-swampy and ox-bow lake
soils.

Alluvial meadow-swampy meliorated soils with a network of drainage canals
have a meander-large spotty texture with regular linear-geometric sectors
of different tonality. Alluvial swampy soils have a complex circular-
spotty texture of different tone. .

From an examination of these textures of the photoimage of the.soil cover
in the steppe zone on aerial photographs it can be seen that there are
types which are encountered in all the principal classes of textures.
These include a spotty texture. Depending on the soils forming it, it can
be large~, medium— or smali~-spotty, circular spotty of different tomne and
contrast with the surrounding soils. This type is encountered rather fre-
quently together with other, also rather widely occurring textures --
troughlike and dendritic.
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] In addition, it is possible to discriminate individual types of textures
- characteristic for a definite discriminated class. For example, class 1
of textures in the northern and central parts of the steppe zone is char-
acterized by a monotonic-homogeneous form, in the southern part —- by a
dotted form. For textures of the soil cover image characterizing halogene
automorphous and hydromorphous conditions of the dry steppe zone it is typ-
ical to observe intricate complex textures consisting of granular, corrug-
ated, openwork and annular types. For class 2 of textures characterizing
a soil cover subject to water erosion it is typical to observe shallow
trough, rill and troughlike dendritic forms; for soils subject to wind
erosion there are spotty, wedgelike and moiré types of textures of a light
or almost white tone. Finally, class 3 of textures of the solil cover image,
characterizing floodplain conditions in the steppe zome, is represented by
a segmental, meander—ox-bow lake form.

Fig. l4. Aerial photograph of territory of water divide and slopes along
ravines in experimental sector of steppe zone. Survey time —--— autumn:

1) winter wheat; 2) fall ‘plowing; 3) potatoes (harvesting in progress) ;
4) corn; 5) stubble (after harvesting of corn); 6) stubble of grain
crops; 7) pasture.
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Fig. l4a. Soil map compiled from aerial photograph of the same territory
of the experimental sector of the steppe zome: 1) typical thick chernozem
with ordinary effervescence, typical thick chernozem with reduced effer-
vescence and typical thick chernozem with ordinary effervescence on loess-
ial clayey loam; 3) typical chernozem with ordinary effervescence, typical
chernozem with reduced effervescence, marmot-excavated calcareous cherno-
zem and slightly eroded typical chernozem on loessial clayey loam; 4) typ-
ical chernozem with ordinary effervescence, typical chernozem with reduced
effervescence and slightly eroded typical chernozem on loessial clayey
loam; 5) typical chernozem with ordinary effervescence, marmot-excavated
calcareous chernozem and moderately eroded chernozem on loessial clayey

loam; 6) meadow-chernozem leached soil on deétrital clayey loam; 7) calcar-

aous meadow-chernozem soil; 8) meadow-chernozem leached and elutriated
soil on.detrital clayey loam. :

. Textures of £hotoimage of soil cover from space photographs. On space pho-

tographs, like on aerial photographs, it is easy to see different types

of photoimage textures reflecting the structure of the soil cover. One of
the distinguishing characteristics of space photographs is that there 1s

a considerable generalization of the detailed structure of the soil cover
on them. Individual details of the soil cover structure are integrated and
in generalized convex form there is manifestation of textures of the photo-
image characteristic for individual soil-geographic regions. Many of the
individual peculiarities of the features clearly visible on the aerial
photographs are blended -into the photoimage texture on the space photo~-

_ graph.
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L. A. Bogomolov (1974) emphasizes that it is necessary to distinguish
uncontroilable and controllable space optical generalization. Uncon-
trollable generalization is governed by the laws of optics and geometry and
is dependent on the photographic scale and atmospheric absorption of the
rays which travel from the soil cover to the survey instrument. In the
case of controllable generalization by means of technical devices the in-
itial photoimage can be tramsformed for a better -clarification of the
peculiarities of structure of the soil cover and fields of agricultural
crops on space photographs.

We made an analysis of a soil map of the southern part of Iran at a scale
of 1:2,500,000 compiled by M. S. Devan and a space photograph of this same
scale., On the space photograph it is easy to trace a spotty-linear struc-
ture of the soil cover of this territory which is associated with mountain-
ridge relief, an alternmation of soil-forming rocks and the formation of
- numerous salt domes. In generalization on a soil map this typical nature
of the soil cover was to a considerable degree lost. Accordingly, space
photographs assist in refining soil maps and discriminating from them the
types of structures of the soil cover on small-scale soil maps.

Now we will cite a number of typical textures of the soil cover photoimage
on space photographs (Fig. 13).

The image of lairge solonchaks - salinas -- is characterized by a monotonic

texture of an almost white tone which has very sharply contrasting bound- -
aries with the surrounding soil units. Small solonchaks - salinas, or meadow

solonchaks, amidst southern chernozems and chestnut soils are reliably de-

termined on photographs from the sharply contrasting spotty or annular tex-

- ture of the photoimage.

- On space photographs gray and gray-brown desert soils have a monotonic
structureless or low-contrast spotty texture of a gray or light gray tone.
The photoimage of mountain soils is characterized by a different complex-

- ity of a dendritic-crested and spotty-banded-crested texture.

et |

On space photographs it is very easy to see a ridged texture characteristic

of the photoimage of deflatable and semiconsolidated sands. The photo-

K| graphs show that the extent of the sand ridges can attain hundreds of
kilometers.,

The image of the mouth sector of most rivers is characterized by a delta

texture with alluvial soils. Depending on the nature of the soil cover it

has a different degree of internal spottiness or a linear pattern charac- -
teristic for irrigated delta soils with the image of primary canals. A

spotty-meandering texture of the photoimage on space photographs is char-

- acteristic of alluvial floodplain soils in river wvalleys. -

On photographs the soil cover of territories in which agricultural crops
are cultivated differs sharply in texture from virginland regions. Cul- -
tivated soils with different plantings in fields of agricultural crops -
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on space photographs have a complex square-linear (sometimes an irregular
form) texture of different tonality from almost white to almost black
tones. Irrigated expanses of agricultural lands are also characterized by
a complex square-rectangular photoimage (but of smaller and more regular

- sizes), corresponding to the cutting of the fields by melioration systems.
The photoimage of irrigated fields situated on gray and meadow-~gray soils
of plains at the base of mountains and in the intermont basins of Central

. Asia is characterized by a fanlike texture of small squares and rectangles.

The image of complex texture of agricultural fields on photographs for the
summer survey season hinders the successful interpretation of the soil
cover in territories which are agriculturally exploited. However, from the
different tonality of fields it is possible to determine different plant-
ings of agricultural crops and their qualitative condition.

An analysis of space photographs indicated that in addition to the complex
multifield square-rectangular image texture of fields of agricultural

crops it 1s possible to determine a striated-gully-dendritic texture for

the territory of highlands (Central Russian, along the Volga, and others)
and trough-dendritic for plains areas. Both these textures of the soil cover
image are related to the presence and different manifestation of the pro-
cesses of water erosion of the soils.

From the pattern (texture) of the soil cover image on space photographs it

is easy to distinguish categories of lands characteristic for agricultural-

ly exploited areas: agriculturally poorly exploited or unexploited regions

of the desert and semidesert zones (pasturing regions); the textures of

modern and anclent deltas and photoimage textures characteristic for sands
= and the soil cover of mountainous areas are also discriminated.

We note in conclusion that the detection of different soil cover textures
from space photographs can be used successfully in the cempilation and re-
finement of a soil map of the world and individual continents with respect
to the reflection of soil cover structures on them.

The image texture of soil-agricultural features on space photographs has
its specific characteristics, related to generalization of individual de-
tails of the soil cover structure.

- One of the most important tasks for the immediate future is an investiga—-
tion of the soil textures of space photographs and their individual com-
ponents making up the generalized photoimage. It must be remembered that
one and the same (with respect to geometric form and dimensions) texture
on an aerial and space photograph can have a differemt content and gen-
esis. For example, a granular pattern of forests on aerial photographs is
attributable to the image of individual crowns of trees; on a space photo-
graph the granularity of forested areas (frequently poorly expressed) is
attr. -utable to differences in the species makeup, the image of individual
curtains of trees, etc. As indicated by the first investigations made for
the purposes of agriculture, study of the image textures of agricultural
fields nm space photos, it iz possible- to make a detailed, differentiated
regionalization of individual regions of the country with respect to agri-
cultural "“nd use, land use and crop cultivation i rms.
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Table 18. Interpretation Criteria for Soils of Steppe Zone of Mongolia
(Table-Key). Survey Period Summer. Aerial Photographs Black—-and-White

Medium Scale - Isopanchromatic Film

10
11

12

13

14

16
17

18

19
20

2

Soil

Relief

Vegetation

—

Topnwe  KamTaxone
MaJoMollkbe  ule6-
nMcTHe

Topiiwe  KawTaHoRhe
cpenneMoutible

Topnste TeMito-KalTa-
HoBbIE

Topnsie uepHo3CMBl

TopHue nyroso-nechhe

Kawranonue Mano-
MOWHBE WeGHICTHIC

Kawrrasiopuie
MOllHbIC

cpenue-

Kawtanossie  COMOM-
neBaTHe
KawTtanossie  BHCCKO-

BCKHNAawoule

Jlyropo-kawrasosie

J’_VFOHD'I(aIIlTaH()ﬂHQ
ocTenHAtoiHecs

Jlyroane
nue

CONOKYAKO-

Cononvaku

[pe6un ropuuix xpe6ToB it
KpyTbie 4acTit  10XIHX
CKA0I0B

[OTRIDT
23
Copiibie cKA0UL cenepHoil

akcnoanuun.  Abe.  BH-
cota 1380—1500 m24

Topinie CK/OHL ceepHOR
IKCTIO3NUHM. . BB~
cora 1500—1800 m25

3aMKHYTHE  KOT/IOBHHH-
HHPKI  BepXHed uyacTH

Fopume  ckaoHI
ELIGRUNTT

CeRepHbX CKAOHOB 26

Bepurisst ysanos u yua-
CTKH KpYTHX CKAONZE

CKNOHB YBAJIOB MEXrop-
HuX KOTJOBHH, cjabo-
ROAHHCTHE YYACTKH_Bhi-
COKHX DARNIH 28

Tlnockne ywacTRit pasii-
Hbl C BBIPAXEHHHIM MHK-
popesvedom 29

[Ipenropusie wneitgu  H
HIDKHHE  CK/IOHB  MEXK-

TOPHHX KOTI0BHH 3

JlokGuuu  BHYTPH  TOp-
HWX KOTAO0BHH 31

JloRGHHb
paBHHH

YBAJHCTHX

TayGokiue yuacTki  J0XK-

6un K neplupcpuggue
4acTH 3anamin
Juuga 3anaann 34
-85

7 Mouant zoprsix

TTonniuHO-313aKOBaR C K-
pOKNM ydacTiem  mer-
podutos 35

MMoawuno-3aakosas

36

Toawuno-anakonast 37 ¢
yuacTHEM Pa3noTpasbs

[MoaLHHO-3/12KOBO-PA3RO-
Tpasnan 38

OctposHbie (epe3o-0CHHO-|
Bwie Jeca 39

[MTo/isiNHO-3MCEBKOBO-KO-
pHIABHAR CyXam ¢ ydya-
ctiueM netpoduitoB 40

[MonvitHo-3MeeBKOBO-KO-

rasoit

TMoauHH0-0COKOBO-3/1aKO0-
Ban cyxas 42

MosnHHO-3Me2BKOBO-KO-
BLibAR CyXxas C Kapa-
ravoft 4

3”8‘(0“0' alHOTpaBHan
pasHOTPARHY Y

Pa3snotpasHo-31akoBas_ |
y4acTHem uiist 45

Jlyrosoe pasHoTpashe,
4ni, upHc U Ap.

ConoHuaxosasn pacTH-
TenbhocTs  (cBepa, no-
TAIWHHK K AP.)

BlAnbHaR CYXam ¢ Kapa-|2:
41
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Fymye | CaCOq| Cysmua| Kpyn- | Yacruum (%)

PH Conel }, #o3eM [5 Pasucpon. WM g Tope, pattern and other
""“;“ % <0001 | <001 | Photoimage Eriteria
13
- Teppuropud
B 8,1 1,561 041 — 14 1 9 [ Crerno-cepuit ¢ APKO-CBETANMH
8.6 0,9 1.6 — 95 —_ — NATHAMH  ochmeR, rpaunub
PE3KO KOHTPaCTHHe 48
B 6,5 30 00] — 51 6 12| MesxonaTaucTuifi prcysox caer-
6.8 2,1 02| — | 53 2| 18 N10-ceporo # ceporo Tona 49
6,3 39| — — 23 1 Il | Onvoponunit cepwit on - 50
6,9 2,0 | — —_ 37 1 17 .
7221 09| - | =<1 15 4| 2
6,6 4,5 16 5 15 | Onnoponund Temno-cepmfi Tqu
6,4 3,0 | — — 30 4 13 (gl
6,6 2,5 | — — 33 4 10
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6,4 7,2 - — 9 3 16 KOHTPACTHLIMH rpansuamy 52
A 6,3 2,2 — — 15 6 26
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7.6 2,01 0,0 33 3 9 | Caetno-cepmii Ton 53
7,7 1,0 0,0f — 18 1 5
8,4 — 134 — 52 12 2]
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Table compiled jointly with G. A. Shershukova,

KEY TO TABLE 18

1.

14,

- 16.

" 20.
22.
23,

24,

Depth of sample

pH aqueous

Humus

Sum of salts

Coarse earth

Particles (%), size mm

Soils of mountain areas

Soils of ridged plains and intermont
basins

Thin gravelly mountain chestnut
Medium-thick mountain chestnut
Mountain dark chestnut

Mountain chernozems

Mountain meadow-forest

Thin gravelly chestnut
Medium-thick chestnut
Solonetz~like chestnut

Chestnut with high effervescence
Meadow-chestnut

Steppized meadow-chestnut
Solonchak~like meadow

Solonchaks

Crests of mountain ranges and
steep parts of scutharn slopes
Mountain slopes of southerly ex—
posure

Mountain siopes of northerly ex-~
posure, Absolute elevation 1,380~
1,500 m

87

25.

26,
27,

28,

29.
30.
31.
32,
33,
34,
35.

36.
37.

Mountain slopes of northerly
exposure. Absolute elevation
1,500-1,800 m

Closed basins-cirques of up-
per part of northern Slopes
Peaks of ridges and sectors
of steep slopes

Slopes of ridges of intermont
basins, slightly undulating
sectors of high plajins

Flat sectors of plain with
well-expressed microrelief
Alluvial fans and lower
slopes of intermont basins
Longitudinal troughs within
mountain basins

Longitudinal troughs of
ridged plains

Deep sectors of longitudinal
troughs and peripheral parts
of swales

Bottoms of swales
Wormwood-grass with broad par-
ticipation of petrophytes
Wormwood-grass
Wormwood-grass with partici-
pation of mixed grasses
Wormwood-grass-mixed grass
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39.
40.
41.

42,
- 43,

44,
45,

46,
47.

48,

49,

50.
51.
52,
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Table 18 (continued)

| 7| G0 | S| Wt posweron: | TomE, pattewn and other
"mmmz o 000 | oo | Photoliidgé eriteria
el o 00| S| W | 2| 8 |Mecsernud on mencrorsn
8,0 03 10,2 - 2 2 6 PC3KO XOHTPACTHHE 94
notimm
7,3 1 2,7 : - | = ; .
9.4 2,0 g,g — | Her 575 % Ec'[’::xs"l r;(;’l'l'llu"ae?(:‘:i';;::ruagﬂc)}5
78 ’
7,7 7
6 | o7 (6B loms| 3| 5| |Teumoceput ron, "féﬁ’.’.‘:&?ﬂé‘%ﬁ
TpaabHas 6
10,0 | 0,6 311, . :
10,1 | 07 47; (l),gg ?3 13 2 m;:(:r::g::“ ¢:;35, or?g«r::a
9,3 0,6 8,2 | 0,68 " 5 16 pe3ko KouTpacraas 77
KEY TO TABLE 18 (continued)
Island birch~aspen forests 55. Gray tone, moire pattern
Wormwood~bistort-feathergrass 56, Gray tone, siriated pattern
(dry) with participation of pet- 57. Gray and dark gray tone,
rophytes elongated-spotty pattern,
Wormwood-bistort~feathergrass (dry) soil units linear-dendritic,
with caragana boundaries contrasting
Wormwood-sedge-grass (dry) 58. Gray tone, units linear-den-
Wormwood-bistort—-feathergrass (dry) dritic, boundaries con~
with caragana’ trasting
Grass-mixed grass 59, Dark gray tone, form of un-
Mixed-grass-grass with participa- its rounded-lirear, boundar-
tion of Lasiagrostis ies sharply contrasting
Mixed meadow grasses, Lasiagrostis, 60. Bright-light tone, rounded
iris, and others form of soil units, boun~
Solonchak vegetation (seepweed, daries sharply contrasting
Russian thistle, etc.) 61. Sands
Light gray with bright-light spots 62. Alluvial (floodplain) meadow
of talus, boundaries sharply con- 63. Alluvial (floodplain) meadow
trasting ~swampy
Small-spot pattern of light gray 64, Alluvial (floodplain) solon-
and gray tone chak i
Uniform gray tone 65. Mountain slopes along rivers
Uniform dark gray tone 66. Flat and ridged sectors of
Spots of dark tone with sharply central floodplain
contrasting boundaries 67. Overgrown ox-bow lakes and

53.
cel

Slee

Light gray tone
Light gray and gray tone of spotty

pattern boundaries poorly contrasting

88

channels of central and near
~terrace floodplain
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KEY

68.

70.
1.
72,
73.
74,

75.
76.
7.
78.

TO TABLE 18 (continued)

Individual sectors of floodplain near terrace

Psammophytes (milk vetch, wildrye, etc.)

Grass-mixed grass-meadow

Mixed grass-meadow with participation of swampy species and reeds
Meadow-solonchak-1ike

Floodplain soils

Bright-light tonme, cellular-ridged pattern, boundaries sharply con-
trasting

Gray tone, meander pattern, boundary contrasting

Dark gray tone, fanlike-meander pattern, boundary neutral
Bright-light tone, rounded-spotty form, boundary sharply contrasting
None

®kkkkik
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Relief, Hydrographic Elements and Their Role in Soil Interpretation

In soil interpretation on the basis of aerial and space photographs relief
and hydrographic elements serve as important indicatoxs for soil interpret-
ation.

The value of aerial and space materials is that on these photographs relief
and individual hydrographic elements show up with great objectivity and de-
tail. On aerial photographs at large and intermediate scales there is a
diversity of relief forms, Using stereoscopic instruments and stereopailr
photographs the soil scientist is able to obtain a stereoscopic relief
image. A knowledge of the interrelationships between the soil, relief
forms and types, makes it possible to use this stereoacopic relief image as
a means for interpreting the soii cover. S. Mike (1972) notes that a com-
plex method for relief analysis, which is based on allowance for the dif-
ferent nature of slopes and otaer geomorphological elements, makes pos—
sible a correct determination of genetic types of soils, favoring a pre-
cise mapping of types of soils.

On aerial photographs of the steppe zone it is easy to discriminate swales,
longitudinal runoff troughs, rills, gullies, ravines, hills, ridges, dif-
ferent forms of slopes near ravines and on watersheds, water divide areas

and other elements of meso- and microrelief. Relief is one of the landscape
elements through whose image we indirectly determine soils under office and

field conditions (Liverovskiy, 1957; Kalnina, 1965, 1971; Simakova, 1959;
Tolchel'nikov, 1966). In the .'.eppe zone meadow-chernozem and meadow-chest-
nut soils are successfully interpreted from their association with longi-
tudinal troughs and swales, whereas alluvial (floodplain) soils are suc-
cessfully interpreted due to their association with river flocdplains.
Floodplains with different degrees of flooding are distinguished. A high,
rarely flooded floodpiain is characterized by a uniform even Iimage tome;

a low floodplain is characterized by a considerable dissection of the
surface, a well-developed network of watercourses, ox~bow lakes and cut-
off meanders.

It is exceptionally important to take relief into account in organizing
the territory in erosionally dangerous regions. The best basis for this,
as indicated by our work on compilation of a soil map of one of the farms
in Orenburgskaya Oblast, is aerial photographic plans plotted in contours.
Under office conditions they make it possible to judge the exposure and

- slopes of the analyzed territory and simultaneously the nature of sheet,
1linear and wind erosion of soils. In addition to the steepness and expo-
sure of the slopes, from photoplans with contours it is possible with
success to take into account the length and form of the profiles of the
slopes, as well as the nature of dissection of the territory of the gully
and valley-ravine network, In order to determine the degree of sheet ero-
sion of the soil it is important to take into account rills, longitudinal

troughs and gullies, which are detected on photographs with a great accur-

acy. The considerable sheet erosion of soils in Orlovskaya, Kurskaya,
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Voronezhskaya, Saratovskaya, Penzenskaya and other oblastc in the steppe
zone is related to the number of rills per unit area. These forms of lin-
ear erosion are also easily interpreted from the number and also the de-
gree of expression of the rills, which makes it possible to use the photo-
graphs in discriminating on the soil map areas having different degrees of
erodability of territories.

- The method of instrumental interpretation of eroded soils makes it pos—
sible to determine the quantitative dependences of erosion processes on

- a number of factors: steepness, length, form, exposure of slopes, types

of basins, nature of microrelief. The use of materials from an aerial

photographic survey —— contact and enlarged photographs, photomosaics,

photoplans — makes it possible to determine the principal characteristics

of erosional processes.

- The use of photographic materials and stereoscopic instruments can be

of value in measuring the rate of growth of gullies and in determining
their age. Using aerial photographs for a number of years for one and

the same territory (Chervyakov, 1963) it is possible to determine the rate
of gully growth using the formula:

V= Qm - L/n m/year,

where L is a segment measured in the field from the bottom of the gully
to some contour point in the direction of gully growth, visible on the
- photograph; ) is the corresponding segment measured on the aerial photo-
- graph; m is the denominator of the photograph scale; n is the number of
years elapsing after the aerial photographic survey.

By determining the rate of gully growth it is possible to determine its
age using the formula
T = Lo/V,

where Ly 1s gully length; V is the rate of gully growth. The data obtained
on the mean annual growth of the gully network can be used in regionaliz-
ing the territory on the basis of erosion intensity.

Aerial photographs and stereoscopic measuring instruments make it possible
to measure such an important index of relief as slope steepness. For ex—
ample, a map of slopes obtained from a photoplan was used by N. N. Semen-
ova (1962) for compiling soil-erosion maps for individual sectors of the
Tsimlyanskoye and Kuybyshevskoye Reservoirs.

An analysis of relief from aerial photographs makes it possible to study
the dynamics of soil erosion processes. For this it is desirabl. > use
photomaterials obtained a second time for one and the same terr .. ‘ies af-
ter a definite number of years. In an anzlysis of aerial photogi: us of
onc and the same territory of the Central Russian Highland in the steppe
zone, obtained at an interval of 10 years, we established that a high per-
centage of the erosionally dangerous processes remained unchanged. Some of
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the small gullies and the upper parts of the gullies are overgrown with
woody-scrub vegetation. Moreover, from the change in one of the gullies

it is easy to see the direction of growth of a gully and the area affected
by its new branchings.

Applying the principle of geographic analogues, it is possible to predict
- that this gully (if effective measures are not taken for protecting soils
against erosion) will develop into similar gully-ravine areas situated
alongside on this same slope, unsuitable for agriculture. On the basis of
the nature of the relief shown on the photographs it is possible to dis-
- tinguish sandy and clayey rocks. For example, the sandy slopes of ravines
and the bedrock banks of rivers, wind-worked curvatures of slopes and
their brows on the photographe have a flat-rounded configuration of a
light gray or almost white tone. Steep unstable slopes with landslides
are characteristic for clayey soils. Deep and narrow gullies and deeply
incised rills are usually characteristic for loessial soils.

A near-vertical aerial photographic survey makes it possible to discrimin-
ate different types of branching of the gully-ravine network and to estab-
lish the dependence of branching on the form of the drainage basin. In
this comnection this material, covering considerable areas, makes it pos-—
sible to judge graphically about the different types of erosional dissec-
tion.

Thus, an analysis of relief and hydrographic elements from aerial photo-
graphs gives some idea not only concerning the forms of linear erosion

and different stages in the formation of gullies, but also serves as ob-
jective material for characterizing different types of soil-erosional dis-
section of our country and in studying the dynamics of erosional =~ .zsses.

Specifics of the use of relief and hydrographic elements in the interpret-

- ation of soils on space photographs. Hydrographic and relief elements play
an exceptionally important role in the interpretation of the soil cover
from space photographs.

In contrast to ordinary aerial photographs an important characteristic of

space photographs is that their identification and geographic tie-in to

the terrain can be accomplished in a comparisen with physiographic maps at

a small scale. A comparative analysis of space photographs and existing

- small-scale maps shows that the clearest identification of space photo-
graphs is possible from the character of the shoreline, the pattern of the
hydrographic network, the presence of lakes, intermontane depressions,
large dry wadis, depressioms, etc.

However, it must be taken into account that the elements of hydrography and
- relief may coincide only in general features with the image of space photo-
graphs. In details there ca. be discrepancies and even omissions of indi~

vidual indicators. For example, in a part of the territory of the United
States bounding on Mexico it was possible to use space photographs in
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compiling a land use map at a scale of 1:1,000,000. Using the space photo-—
graphs it was possible to refine the position of agricultural lands, the
image of roads, lakes and other features. On the earlier compiled small-
scale materials about 200 characteristic terrain details which showed up on
the photographs were missing.

Depending on the scale of the space photographs, there is an optical gener-
alization of small relief details on the earth's surface on them. The prin-
cipal most general patterns of structure of the earth's surface are mani-
fested more sharply. As we established, on medium-scale and especially on
small-scale space photographs in an optically generalized form there is a
clear representation of individual elements of geotexture and morphostruc—
- ture of the earth's surface, that is, the largest first- and second-order
relief elements. The elements of morphosculpture, which constitute the ba-
sis for indirect interpretation of soils on the basis of materials from
an aerial phoiographic survey, frequently cannot be seen on space photo-
graphs.

On small-scale space photographs of the territory of the Kazakh SSR, ob-
tained during work of the orbital station “Salyut-4," as demonstrated by
- our investigations, there was clear representation of the soil cover, re-
- lief and hydrographic elements of large natural regions and physiographic
regions of Kazakhstan. On the basis of the different photoimage tone and
pattern there was reliable interpretation of a gently stepped plain with
strips of pine forests in the neighborhood of Semipalatinsk, an intermon-
tane basin with Lake Zaysan, the Betpak-Dala desert and the texritory of
E the Kazakh low hill complex, the ridged sands of the Muyonkum, the valleys
and floodplains of the Syrdar'ya, Chu, Ili Rivers, Karatau and Tarbagatay
Ranges, southwestern spurs and ranges of the Altay.

- On a space photograph of the territory of Kazakhstan, on the basis of the

different image phototone it is easy to interpret the difference between
- the northern and southern part of the clayey Betpak-Dala desert. The low-
lying southern part of the desert, adjacent to the valley of the Chu River,
with gray-brown desert soils, steppe solonetz soils, gray soil takyrs
and takyrs, has a light gray image tomne. The northern, more elevated part
of the desert (absolute elevation 200-300 m) has a dark gray image tone
with individual infrequent spots of a light gray tome (takyrs and takyr
soils). The photoimage of the eastern part of the desert (to a consider-
able degree rocky) is characterized by a mottled pattern of a gray and
dark gray tone, emphasizing the inhomogeneous structure of the soil cover
- in this territory.

Areas of sands are represented by a uniform dark gray tone (Aryskum, Muyun-~
kum, Zhetykonyr, and other sands). The photoimage of Muyunkum sands, situ-

- ated to the south of the Chu valley, is characterized not only by a gray and

dark gray image tone, but also by a typical ridged pattern of im~3e relief.
The Muyunkum desert is geomorphologically closely related to the Chu valley,

having a clearly expressed floodplain and two terraces above the flood-
plain, gradually undergoing transition into eolian desert plains. From a
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space photograph there is reliable interpretation of the northern edge of -
the valley of the Chu River with the Betpak-Dala degert and an alterna-
tion of narrowed and broadened sectors of the floodplain characteristic
for the lower reaches of the Chu River. The broadened sectors constitute
intravalley deltas formed in tectonic troughs. The soll cover 1s repre-
sented by gray-brown desert soils, solonetz soils, takyrlike gray soils
- (1ight gray tone), meadow-swamp solonchak-like solls (gray and dark gray
tone), solonchaks (light tone). In the depressioms there are many small
Vi lakes with a bordering edge of reeds and sedge meadows. On a photograph i
they have a pattern of small spots with a dark tone. The depth of soil-
ground water can be determined for such territories (Abrosimov, Vostokova,
1973).

The Kopet-Dag Range with gray soils and the valley of the Syrdar'ya River
with alluvial soils stand out sharply on a space photograph.

- From a space photograph it is easy to interpret the boundary between the

central part of the Kazakh hill country (light tone) and the territory

surrounding Lake Balkhash, having a gray and dark gray image tone and a B
very complex erosionally dissected structure. Small sand hills show up in

a uniform pattern in a dark gray tone.

The photograph image changes sharply to the south of Lake Balkhash. The

Bestas area of ridged sands can be interpreted between the ancient delta

of the Il1i River and the Karatal River on the basis of the gray and dark _
gray tone and the fine-ridged structure of the relief image. The most

= moistened sectors of sands are shown as dark spots against a general gray
background. Along the shore areas of solonchaks appear as bright-light
spots and meadow-swampy solonchak-like soils appear in a dark tome due to
the image of meadow—swamp vegetation.

A space photograph gives a clear discrimination of the territory of the

modern delta from the ancient delta of the I1i River, cut by a network of

dying channels with an alternation of ridged~hilly sands, takyr gray soils

and takyrs. The modern delta of the I1i River with its numerous distribu-
- taries is characterized by floodplain overgrowths of willow and elaeangus,
reed and mixed-grass meadow vegetation, On the photograph these sectors of
the delta have a dark tone of the floodplain-meander photoimage patteru.
The soil cover is represented by meadow—swampy solonchak-1like soils,
solonchaks and gray soil takyrs.

Our analysis of smail-scale space photographs taken from the "Soyuz-~9"
» spaceship in June 1970 and "Soyuz-12" in September 1973 for the Caspian
Sea region demonstrated that amidst the individual elements of geotexture
and morphostructure of the considered natural region it is easy to see the
eastern part of the Caucasus Mountains with mountain brown forest and
mountain cinnamon and gray-cinnamon soils and the northwestern spurs of
the Kopet-Dag with mountain gray soils. On the space photograph it is
easy to interpret the Prikaspiyskaya and Turanskaya Lowlands with gray-
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brown desert sandy soils and poorly consolidated sands. Against this back-
ground it is easy to see the Ustyurt Plateau with gravelly gray-brown
desert clayey and heavy clayey loam soils. On the basis of photoimage
tonality and pattern it was possible to detect negative relief forms --
= salinas and depressions (Barsakel'mes, Mertvyy Kultuk, Kaydak and others)
: with solonchaks and meadow-swampy solonchak-like soils, and also the val-
- leys and deltas of the Volga, Ural, Amudar'ya, Kura and Terek Rivers with
alluvial soils.

The extensive coverage and quite high resolution of space photographs
makes it possible to obtain much information om the gtructural-geomorph-
ological characteristics of the analyzed natural regions and their rela-
tionships to the soil cover of the corresponding geotextures and morpho-
structures of the earth's surface.

Vegetation, Agricultural Activity and Their Indication Role in the Study
of Soils

In the interpretation of snils it must be remembered that the soil cover
can show up on aerial and space photographs directly in the case of plow-~
ing of a territory (fields not covered by cultivated vegetation) and in-
directly through the image of forest, natural grassy and cultivated (ag-
ricultural crops) vegetation.

Different plant associations are discriminated on photographs on the
basis of image tone and pattern (texture).

As pointed out by Viktorov (1973), Vinogradov (1966), Simakova (1959),
Tolchel'nikov (1974), the image tome of vegetation is influenced to a
considerable degree by spectral brightness, composition of the vegetation
and the projective coverage of the soil surface. The same as the image
tone of the soil surface, to a considerable degree it varies under the
influence of photographic and processing conditions. The pattern of the
photoimage of vegetation is considerably more stable and universal.

Considerable plains areas of the steppe zome have now been plowed. In the
European USSR steppe vegetation has been preserved for the most part along
ravines, on the slopes near ravines and on river floodplains. Against the
image background of chernozems and chestnut goils it is easy to interpret
meadow-chernozen soils associated with longitudinal troughs and ravines.
On photographs they have linear-dendritic forms of a gray and dark gray

= tone characteristic for the image of meadow and meadow-steppe vegetation.
The photographs show that the reliability of their interpretation is dif-
ferent in dependence on season and type of used film. On the basis of the
different image of meadow and swamp vegetation we clearly interpreted the
soil cover of floodplains of different genesis on aerial photographs.

In _-e Asiatic part of the steppe zome steppe vegetation still occupies

considerahle expanses in the territory of Kazakhstan, Altayskiy Kray and
especially Mongolia.
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Now we will examine the characteristics of the photoimage of a number of
plant associations and their correlations with the soil cover in the ter-—
ritory of the steppe part of Kazakhstan and Mongolia. In the northern re-
gions of Kazakhstan there are mixed grass—feathergrass—sheep's fescue
groupings on ordinary and southern chernozems (Vinogradov, 1966; Pre-
obrazhenskiy, 1959; Tolchel'nikov, 1966). On aerial photographs they show
up as a pattern of small spots of light gray, gray and dark gray tones.
The light gray spots correspond to sectors with a predominance of tall
grasses and dark gray tones correspond to areas with a predominance of
mixed grasses. There is a rather widespread occurrence of mixed grass-
sheep's fescue-feathergrass associations on dark chestnut soils of a
light mechanical composition which on the photographs have a gray or dark
gray photoimage tone with a uniform or moiré pattern. A dark-gray tonme,
frequently of a dendritic form, corresponds to a quack-grass-brome grass
association on meadow-chestnut soils. Mismed=grass--— wormwood plant group-
ings with the participation of petrophytes are formed along the crests of
ridges on thin gravelly chestnut soils. On aerial photographs they show
up in a light-gray tone of a curving-striated texture.

Along the margins of swales or in troughs well-expressed in the relief
there are meadow grass—quack grass meadows on meadow solonetz-like soils.

The central part of the swales is occupied by mixed-grass - sedge ~ swamp
vegetation. The photoimage tone is mottled, from 1ight gray to dark gray;
the texture is one of small spots. Overgrowths of reeds also show up in a
bright-light (sectors with dry reeds) to a dark gray tone (in the case of
thin stand of the reed overgrowths, when the water can be seen through
the reeds). The texture is circular-spotty. In depressions a dark gray
tone corresponds to salt-loving groupings on moist solonchaks. With the
dessication of the surface crust with salts they show up in an almost
white tone.

On the water divides dots of an almost white tone correspond to excavated
soils at the mouth of marmot burrows with thin black wormwood-camphor
groupings on them., 0ld abandoned mouths of marmot holes, covered by cur-
tains of quack grass, show up as small dots of a black tome.

The investigations which we made over a long-term period in the territory
of the steppe zone of Mongolia {Table 18) indicated that a light gray and
gray tone of a spotty pattern with low-contrast boundaries of the areas
on medium-scale aerial photographs correspond to a wormwood-bistort—
feathergrass association with caragana, formed on chestnut sandy loam
soils. With respect to relief conditions, they occupy slightly undulating
sectors of high plains, slopes of ridges and intermont depressions. The
peaks of ridges and sectors of steep slopes are occupied by wormwood-bis-
tort-feathergrass vegetation with the participation of petrophytes. Thin
chestnut gravelly soils have formed beneath this vegetation and on the
photographs have a light gray -photoimage tone.
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Chestnut soils with high effervescence have developed on alluvial fans and
on the lower parts of the slopes of intermont basins beneath wormwood-
bistort-feathergrass associations of the dry steppe with the participation
of caragana. Due to the microrelief they show up in a black tone of striat-
ed pattern on the photographs.

In troughs on ridged plains and in intermont basins meadow—chestnut and
meadow-chestnut steppized soils have formed under mixed grass-grass asso—
ciations, sometimes with the participation of Lasiagrostis. On the photo-
graphs they are interpreted from the linear-dendritic form of units of a
gray and dark gray tome, having contrasting boundaries. The deepest sec-
tors of the longitudinal troughs and the peripheral parts of the swales
were occupied by meadow solonchak-like soils with mixed mezdow grasses
(Lasiagrostis, iris, etc.). These soil units have sharply contrasting boun-
daries, a dark gray tone and a rounded-linear image form. An almost white
tone is characteristic of meadow solonchaks, dessicated from the surface,
covered by thin solonchak vegetation (seepweed, Russian thistle, etc.).
Poorly consolidated sands show up in an almost white tone of a cellular-.
ridged pattern. Miik vetch, wildrye and other psammophytes are conspicuous.

A number of alluvial soils characteristic for different geomorphological
sectors of the floodplain were successfully interpreted also in the ter-
ritory of the floodplain of the steppe Tola River on the basis of the dif-
ferent photoimage of vegetation on aerial photographs.

A light gray tome of a crested-meandering pattern on the photographs cor-
responded to the part of the floodplain along the channel with a thin mix-
ed-grass-grass vegetation developed on alluvial (floodplain) meadow poorly
developed sandy soils. A gray tone of a meandering pattern with contrast—
ing boundaries corresponds to the image of grass-mixed grass-meadow vege-
tation growing on flat sectors in the central part of a floodplain with
alluvial (floodplain) meadow soils. A dark gray tome of a fanlike-meander-
ing pattern corresponded to sectors cf overgrown ox~box lakes and differ-
ent channels in the territory of the central floodplain under a mixed~
grass vegetation with the participation of swampy species and reeds. The
soil cover here is represented by alluvial (floodplain) meadow soils. Fin-
ally, an almost white tome of a rounded-spotty form corresponds to still
another component of the soil-vegetation cover of the floodplain. In in-
dividual sectors of the part of the floodplain near the terrace it is rep-
resented by alluvial solonchak-like soils and solonchaks which have devel-
oped here under meadow-solonchak vegetation.

kFkk¥
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Thus, this analysis of the photoimage of natural grassy vegetation and the
determination of its correlatioms with soils indicated the possibility of
a successful interpretation of the soil cover from aerial photographs on
the basis of one of the principal indirect criteria.

Most of the lands in the steppe zone are plowed and sown in grain and in-
dustrial crops. According to N. N. Rozov (1968), in the territory of the
steppe zonme, having 186 million hectares of arable lands, gardens and or-
chards account for 50%Z, hayfields, pastures and other grazing land —- 35.17%,
forests and scrub —— 0.6%, not used in agriculture -- 14.3%.

A specific characteristic of interpretation of soils in the steppe zone
frem aerial and space materials is that on photographs from the summer sur—
vey season this interpretation is accomplished through cultivated agricul-
tural vegetation. In fields covered by sprouts the soil surface is toa dif-
ferent degree concealed from direct representation on aerial photographs.
Our investigations indicated that only dense and fully grown crops com=
pletely conceal the soil surface. Low sprouts, young OT thin plantings
cannot completely conceal differemces in color and image pattern and other
direct indicators of soil nonuniformity of fields. Grain crops in the phases
from sprouting to leaf tube formation exert 1ittle influence on the photo—
image of soils. With the leaf tube formation phase grain crops receive

good vegetative development, virtually completely covering the soil sur-
face and on black-and-white photographs show up in a uniform dark gray

tone (Vinogradov, 1966).

The image on aerial photographs of fields with high crops and good vegeta—
tive development of plants is completely dependent on the type of agricul-
tural crops and their stage of development (Figures 14 and l4a). Using sum-
mer aerial and space photographs with the greatest completeness it is pos-
sible to determine the distribution of agricultural crops and their state
in dependence on soil, climatic and agroengineering conditions. Moreover,
there are many cases when cultivated vegetation emphasizes the differences
in the image of different soils.

It can be seen from our comparisons of aerial photographs with the direct
image of arable land and cultivated vegetation that from the image of plant-
ings of rye in the stage of milky-gold ripeness it is easy to see the dif-
ference between dark gray forest soils and chernozems. Using the photograph-
ic image of grain crops it is easy to interpret shallow erosional troughs,
sectors with sandy and sandy loam soils; it is easy to make out waste lands
and sectors with weedy vegetation.

In the territory of the "Gigant" grain sovkhoz in Rostovskaya Oblast an
aerial survey of agricultural crops was carried out using black-and-white
film at three times: first —- when the grain fields were in the tillering
or leaf tube extension phases; second —- in the earing or flowering phases;
third — in the phases of milky or gold ripemess. As the basic criterion

97

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

LVAN WAL AULIM Ui vatisa

we did not use the image tone (which is unstable), but the relationship

of tones. Spectrozonal photographs had the greatest information content.
Using the photographs it was possible to determine the different weedi~
ness of sown areas and also ascertain sectors with thin plantings and beat-
ing-down of grain crops (these are shown in a lighter tone). Fields of win-
ter wheat and barley cannot be discriminated from one another. Cornfields
had a dotted structure of the pattern. (Mokiyevskiy, Ogorodnikov, 1966).

Each agricultural crop in the course of its development attains an optimum
stage in which it can be identified on the photographs among other crops.
An analysis of panchromatic photographs of a number of agricultural re-
gions in the United States indicated that corm, soy beans, wheat, oats,
barley and grasses can be differentiated on aerial photographs on the basis
of their coloration and structure. Photographs takea in the second half of
July were optimum.

In the identification of agricultural crops an important role should be
played by data on their spectral reflection (Deyneko, Yelesin, 1972; Yel-
esin, et al., 1977; Nekhoroshev, et al., 1972; Rachkulik, Sitnikova, 1976;
Tolchel'nikov, 1974; Tolchel'nikov, Khazanova, 1973).

Thus, a study of the photoimage characteristics of natural and cultivated
vegetation on photographs has both independent importance for study of
diseases of agricultural crops and determining their yield and for as-
certaining correlations with the nature of the soil cover

Specific characteristics of the indication role of vegetation and agricul-
tural activity in the interpretation of soils on space photographs. New
aspects of study of the vegetation cover and man's agricultural activity
and their indication role for determining soils arose with the use of
space photographs in soil science and agriculture. B. V. Vinogradov, K. Ya.
Kondrat'yev (1971), Ye. A. Vostokova (1977), Ye. V. Glushko (1976), L. F.
Yanvareva, Ye. M. Nikolayevskaya (1974), N. G. Kharin (1969), R. N. Col-
well (1971), MacDonald, Kristof (1971) and other researchers mote a quite
high detail in the identification of vegetation, good reflection of agri-
cultural fields and the possibility of determining crops and the condition
of fields. This makes possible successful interpretation and mapping of
land use and an indirect determination of the character of the soil cover
from space photographs.

Now we will give an analysis (Vinogradov, 1976) of a space photograph tak-
en in June 1970 during the flight of the "Soyuz-9" over the territory of
the Sal'skaya dry steppe with chestnut soils. Fields 16 hectares in area
can be identified. Eroded soils are interpreted at the heads of ravines

in cultivated lands, appearing as bands of a lighter tone. Narrow dis-
continuous bands of a dark gray tone correspond to ravines with tree-scrub
and meadow vegetation, Sectors of a light gray uniform tone, situated along
the slopes of ravines, represent grazing land, representing pasture
occupying here about 387 of the territory.
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In the flight of the "Apollo-9" spaceship use was made of multispectral
photographs of the earth's surface for the automatic interpretation of
agricultural fields. An analysis of photographs made in the United States
with use of an electronic computer made possible an automatic determina~
tion of barley fields with an accuracy to 75%Z, sugarbeets —- 59%, alfalfa
- 27%. Sectors of bare fallow and saline soils were clearly interpreted
on the photographs. Cabbage, lettuce and other vegetable crops were very
difficult to interpret.

Using a small-scale TV image of the earth's surface obtained from the "Nim-
bus-1" artificial earth satellite it was possible to ascertain the affinity
of soils to definite vegetation formations, relief forms and rocks. How-
ever, it is not always possible to identify soil areas on these photographs.
For example, in the territory of the Paris basin (France) brown podzolized
solls were identified 60Z because of differences in vegetationm, brown cal-
careous soils —— 40%, rendzinas —- 70%, alluvial soils —- 80% (Vinogradov,
{ondrat'yev, 1971).

Using space photographs taken from the "Salyut-1" orbital station for the
territory of the steppe zone of Kazakhstan and Altayskiy Kray and having a
better interpretability than TV images, V. I. Kravtsova (1974) and 1. V.
Kopyl, et al. (1975) demonstrated the indicator role of vegetation and
fields of agricultural crops for the purposes of soil interpretation. In
fields occupied by perennial grasses and in sectors with artificial scuffl-
ing the soil cover to all intents and purposes camnot be seen. It is dif-
ficult to see soil differences in fields of fallow. Meadow variancs of
soils forming in longitudinal troughs are readily interpreted through dif-
ferences in the gray tome of fields occupied by wheat. Differencez in over-
moistening and salinization of soils were successfully determined through
the photoimages of meadow-swampy moisture-loving and halophytic vegetation,
frequently associated with depressions around lakes and old lake depres-
sions. Steppe solonetz soils, associated with outcropping of Neogene

clays at the surface, were discriminated in cultivated lands through
plantings of grain crops on the basis of the light gray tome of a spotty
pattarn

On a space photograph taken from the "Salyut-1" it is also possible to make
a direct interpretation of such land use units as forests, cultivated lands,
extensive areas in a natural state and unused lands. On the basis of di-
rect and indirect criteria it is also possible to determine erosiom, salin-
ity and swampiness of the soil cover.

On space photographs in the steppe zone and in the area transitional to
the mountain-forest zone the degree of identification of different types
of vegetation is different. It is easy to interpret areas of forest vege-
tation, but the species separation of forests is difficult. In addition,
it 1s difficult to interpret forests having a patchy character. In ravines
it is hard to distinguish them from meadow vegetatiom, which shows up in a
similar dark gray tone. Through forest vegetation it is very easy
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to interpret sectors of strip pine forest with pine-covered, partially de-
flatable sands. A mountain forest zone .with mountain gray and dark gray
forest soils can be seen clearly on the photographs., Alluvial soils of
river valleys can be interpreted from the photoimage of intermont basins,
partially plowed or occupied bty steppe vegetation.

S+<eppe vegetation has different interpretability on space photographs.
Zonal types of steppe vegetation cannot be differentiated., In addition,
it is easy to discriminate halophytic groupings on saline soils, psammo-
phytic steppes of sandy areas, petrophytic steppes in regions of conical
hills and foothills., The characteristics of change in image structure of
light tones on a space photograph make it possible to discriminate on the
- photographs halophytic groupings of solonchaks, solonchak-like meadow
soils, meadow and steppe solonetz soils. From the dense, almost black
phototone it is easy to interpret swamp vegetation and vegetative group-
ings with an increased moisture content.

Thus, the cited examples show different possibilities of interpretation
of vegetation and agricultural fields and the soils determined from them
on the basis of use of photographic, television-frame and scanner space
photographs.

Photographic and multizonal scanner photographs have the best possibilit-
ies with respect to indirect interpretation of soils.
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- Chapter 4

INFLUENCE OF CHANSES IN NATURAL CONDITIONS ON PHOTOIMAGE OF AERIAL AND
SPACE PHOTOGRAPHS

The effectiveness of use of materials from an aerospace survey for the pur-
pose of interpretation and study of the soil cover and the condition of ag-
ricultural crops is dependent to a considerable degree on the time when

the survey is made. As indicated by our investigations and our discussion
of these matters with agricultural specialists in the United States (A.
Park, M. Holter and R. Arnold) during a Soviet—American meeting at the
Space Research Institute USSR Academy of Sciences, for soils-agricultural
purposes it is promising to carry out a survey not less than four-six

times a year.

Depending on the nature of the problems to be solved, for example, for
studying the dynamics of snow melting in the spring and the development

of the processes of sheet and linear water erosion, it is desirable that
in the early spring a survey be made each three to five days. A survey in
this first early spring period prior to the dessication of the upper soil
layer can be used successfully in a study of soil moisture content. A sec-
ond spring period, when the soil surface has dried.out, the period of max-
imum plowing of the fields, is the most promising time for study of the
soil cover because at this time the soil cover shows up directly on the
photographs.

R. Evans (1975) points out that an aerial survey of cultivated areas for
soil purposes should best be carried out in the spring when the land is
free of crops.

Two subsequent summer periods (one the stem extension stage for grains and
the formation of fruits of agricultural crops and a second stage, the mat-
uring of plants) are most effective for ascertaining the development of
agricultural crops in dependence on soil fertility and the application of
fercilizers, irrigation, and in the last analysis, for determining their
crop yield. ) :

The next autumn period for an aerospace survey can be used in determining
the moisture content, autumn moisture reserves in the soils, by SHF meth-

ods at the time of mass sowing of winter crops, study of their condition
and development.
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In steppe and dry steppe regions interesting observations of the distrib-
ution of the snow cover over the soil surface can be carried out using
photographs of a winter survey.

The problems involved in the influence of changes in natural conditions on
the photoimage of aerial photographs have been considered in a whole series
of studies related to the interpretation of aerial photographs (Bogomolov,
19763 Gol'dman, 1960; Grigor'yev, Simakova, 1971; Vinogradov, 1966; Sima-
kova, 1959; Tolchel'nikov, 1974). On the basis of investigations the opti-
mum time is established for carrying out the aerial survey. On the basis
of an analysis of diurnal changes in illumination of the earth's surface
a Yu. S. Tolchel'nikov (1974) points out that in forest regions an aerial
survey must be carried out when the sun has a high altitude (40-60°), in
steppe regions —- 60 and 20-30°; in desert regions -- 15-30°. It is unde-
sirable that an aerial survey be made when solar altitudes are less than
15-20°. Data are available on the influence of the time of a survey on the
interpretability of meliorated soils in the desert zone (Kuznetsov, 1965;
- Mazikov, 1976; Pankova, Mazikov, 1976).

Weather conditions and their changes exert an influence on atmospheric
transparency and illumination of the earth's surface. Therefore, in making
an aerial survey an allowance is made for the presence of air and dust
haze. The latter occurs particularly extensively in the desert zone at
near-midday hours. Other atmospheric phenomena associated with weather
conditions, especially in the case of small-scale and space surveys, are
the presence and type of cloud cover., Clouds show up as spots and bands of
an almost white tone, with blurred edges, and the shadows from them show

_ up as dark spots.

A study of the influence of weather conditions on the nature of the photo-
image of soils is of special interest when using space photographs be-
cause they can be used in direct registry of extensive moist sectors of
solls after a rain, the territories subject to drying winds, dust storms
and other weather phenomena.

Next we will cite the long-term and seasonal changes in the photoimage

of the soil cover and agricultural crops on photographs. In the example

of individual natural regions in the steppe zone we will examine the char-
acteristics of the photolmage of solls and fields of agricultural crops on
aerial and space photographs obtained for the same season in different
years and different seasons in one year.

Investigation of Changes in the Photoimage of Soils and Agricultural
Lands Using Materials from Different Survey Years

For the effective use of aerial and space photographs and interpretation
- of the soil cover from them it is of great importance to chouse a defin-
ite season for different survey years and the stability of the photoimage

of the soil cover is important in this choice. We will examine a series
= of photographs taken in different years.
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On the first two spring acrial photographs obcained with a gap of seven

years for one and the same territory we studied the type of soil cover

of the steppe Syrtovoye Zavol'zhe, characteristlc for flat-topped water-

sheds made up of brown watershed clays. These soils are characterized by

a uniform pulverized mechanical composition with a rather dense fine-pored

structure. They have a brown color, have a calcareous makeup and usually

contain gypsum in small quantities. Southern chernozems of moderate thick-

ness are formed on them with individual spots of excavated chernozems (at

the mouth of marmot burrows). Southern chernozems are interpreted from

- their position on watersheds, which can be seen clearly in a stereoscopic
examination of relief on aerial photographs. Due to the heavy mechanical
composition and considerable humus content (4,7-5.5%) the image tone of
the soil surface is dark gray, whereas the tone of the freshly plowed
sectors is dark. Against the general dark gray background it is easy to
see the light-colored dots of hillocks at the mouths of marmot burrows,

- excavated chernozems. Poorly and moderately eroded chernozems have devel-
oped on the watershed slopes. These soils are characterized by a decrease
in the humus coutent in the upper horizon and the appearance of rills. On
aerial photographs these soils stand out clearly from the mottled ribbed
image pattern of the rills and runoff troughs on the slope and an image
tone which is lighter due to the washing away of humus and calcareousness.
The image of sectors of moderately and strongly eroded southern chernozems
has a bright-light tone,

On. the aerial photographs it is easy to discriminate depressions below the
watersheds and runoff troughs on the slopes of watersheds with meadow-
chernozem soils forming on them. Due to the increased moisture content,
heavy mechanical composition, high humus content (6~7%) and thick humus
horizon these soils show up on the aerial photographs in the darkest tone
of a uniform pattern. Depressions beneath the watershed and troughs can be
seen clearly in a stereoscopic examination of the relief with the use of
stereoscopic instruments.

The depressicn below the waterdivide adjoins the sector of the second ter-
race above the floodplain of a steppe river. The surface of the terrace is
level, complicated by flat-bottomed troughs. Here terrace southern cherno-
zems of modera‘e and small thickness, "excavated” chernozems and meadow
chernozems arejformed. In the morphological structure of the profile and
physicochemical properties terrace southern chernozems have many features
in common withfsouthern watershed chernozems. On aerial photographs they
have a similat tone-.and.pattern of the photoimage. A good distinguishing

- characteristic of these soils is their position on the terrace, which 1is

seen clearly in a stereoscopic study of aerial photographs.

A comparison of the photoimage of the soil cover on these two photographs,
taken over a series of years under uniform natural and technical survey
conditions, demonstrated that it is similar.
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On two other aerial photographs, taken at a seven—year interval, a study
was made of the type of soil cover characteristic for the watersheds of
the Syrtovoye Zavolzh'ye, consisting of soils of light mechanjcal compo-
sition. It can be seen from an analysis of the photographs that as a re-
sult of excessive plowing deflated soil areas have been formed in culti-

¥ vated lands, having a wedge shape with a light gray tone. It 1s obvious
that in order to preserve these soils there must be a temporary regrassing
of the lands subject to wind erosion.

The next aerial photographs obtained for different survey years reveal
the dynamics of agricultural and melioration activity in an area. On the
first two photographs of a sector of the high floodplain of the Dnestr
River with alluvial calcareous clayey loam and light clayey loam sandy
soils there is a distinct difference in the nature of the agricultural
use of soils. A photograph taken in a survey in 1959 shows the beginning
of land use by gardens. On a photograph taken in a 1967 survey the entire
territory of the floodplain was in gardens; it is easy to interpret sec-
tors of old and young gardens and a leveled segmental image pattern of
the soil cover.

Another two aerial photographs show what a substantial change there has
been in the image of swampy soils after melioration. On a photograph from
the survey of 1959 the image of alluvial swampy soils has a very mo ttled
rounded-spotty pattern of different tone (from almost white to dark gray),
related to the different vegetative development of swampy vegetation:
- rushes, cattails, reeds and other speciés. After melioration the photoimage
of swampy soils acquires a relatively uniform dark gray tone with a con-
spicuous network of melioration canals.

Thus, in an analysis of long—term changes in the photoimage of the soil
cover it is necessary to bear in mind the following three principal vari-
ants.

1. A stable character of the photoimage of soils when upon the elapsing of
ten or more years we have a similar image of the soil covér for the spring
season.

2. A modified (in part) nature of the photoimage of the soil cover, related,

on the one hand, to erosion, and on the other hand, to man's agricultural

activity.

3. A considerably modified nature of the photoimage of soils on photographs
- of different survey years, related to radical meliorated expleitation of

the soil cover. These changes are interpreted primarily from the nature of
the photoimage pattern of soils.

Inv~stigation of Changes in Photoimage of Soils and Agricultural Lands
Using Materials from Different Survey Seasons
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A study of seasonal changes in the soil cover and agricultural crops
from aerial and space photographs is an important task in both theoret-
ical and practical respects for the interpretation and successful use of
photographs.

At the present time in our country and abroad serious investigations are
being carried out for study of the influence of seasonal changes on the
interpretability of soils and agricultural crops.

Now we will examine the possibility of interpretation of soils and agricul-
tural crops in a steppe zone, exploited agriculturally to a considerable
degree, in dependence on different survey seasons.

In spring (April, May), after disappearance of the snow, the soils on the
water divides dry up quite rapidly from the surface, except for circular
and longitudinal depressions, the "amphitheaters” of ravines, lower parts
of slopes, depressions below water divides and watersheds.

In spring our determinations of the surface moisture content of solls at
the time when an aerial survey (14 May 1970) was carried out in the ter-
ritory of the Syrtovoye Zavolzh'ye demonstrated the following (Table
19).

Such soil indices as humus, calcareousness and moisture content are of
considerable importance for the successful interpretation of southern
chernozems, southern weakly eroded chernozems, southern mcderately and
strongly eroded chernozems and meadow-chernozem soils.

The data in Table 19 show that with an increase in the degree of erodabil-
ity of southern chernozems the humus content decreases from 4.7 to 2.2%;
there is a sharp (from 2.62 to 24.52% CaCO3) increase in the calcareousness
and a corresponding decrease in soil moisture content. On the photograph
there is a change in the photoimage of the soil cover from dark gray to a
light tone. The greatest content of humus (5.5%) and moisture in the soil
(24.3% in the layer 0-5 cm) and the minimum presence of carbonates (0.91%
CaC03) are observed in meadow-chernozem soil, for this reason on the photo-
graph having an almost black photoimage tome. The detection of these soils
by means of the "Kvantimet-720" indicated that they can be determined suc-
cessfully from the quantitative indices of the gray tome scale.

On the basis of an analysis of the photoimage of soils on early spring
photographs (April) for an experimental sector of the steppe zone, when
snow still lies in the ravines in places, we compiled a soil map (Figures
15 and 15a) most reliably and precisely and it was possible to discrimin-
ate three stages of soil moistening: dry, moistened, moist. An almost
black tone (for plowed chernozems) or dark gray (for stubble) are charac—
teristic of moist soil sectors. Moistened soil areas have a dark and dark
gray tone. Typical chernozems dried from the surface have a dark gray tone;
sectors of stubble have a gray, locally a light gray tone. Meadow-
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= chernozem soils, due to an increased moisture content, show up in an al-
most black tone. An almost black tone is characteristic of sectors of
freshly plowed and harrowed fields and agricultural fields with plantings
of winter crops which have survived the winter well. Fields of spring and
industrial crops begin to exert an influence on the photoimage tone 2 or 3
weeks after sprouting.

Pastures on the slopes of ravines and covered with a grassy vegetation
show up in a light gray tone due to its poor development in the early
spring (Fig. 15).

During the spring period virgin land vegetation only begins to fluorish
and therefore on the photoimage of the photographs the dry steppe matting
of the preceding year and the differences in moistening of the surface in
dependence on micro- and mesorelief exert a substantial influence. In gen-
eral, virginland sectors with typical chernozems show up in a gray or
light gray tone. Against this background it is easy to interpret (from the
dark gray tone) troughs and ravines with meadow-chernozem soils. Small

- light gray circular spots clearly represent the driest microhillocks with
excavated calcareous chernozems (at the mouths of marmot burrows). On a
spring photograph of a virgin sector of the Kursk polygon it was also pos-
sible to see clearly, from the lighter image tone, the image of a soil
area with a predominance of excavated calcareous chernozems against a
background of typical chernozems with ordinary and reduced effervescence.

The spring period, due to the detailed and direct representation of the
soil surface on photographs (until agricultural crops begin to mask the
soils), is the best time for aerial and space surveys of the soil cover
and the study of different soil moisture content from photographs.

In the summer the soil surface (except for fallow fields) is covered by
dense plantings of agricultural crops. This is the best time for the study
of the type of agricultural crops, their condition, nature of weediness
and possible determination and prediction of the yield of crops from
aerospace materials.

Our investigations indicated that for these purposes it is best to use

- spectrozonal photographs. Figures 16 and 17 (see insert) show not only a
clear separation of different types of agricultural crops, but also sec-—
tors and areas with different development and condition of the sown crops.
However, there is no differentiation of the soil cover which would be
clearly visible on a spring photograph.

Accordingly, if for the territory to be analyzed there are no photographs
from a spring survey, fields of bare fallow are of great importance in
characterizing the soil cover, its structure and soil characteristics.

In a soil field investigation on the basis of summer photographs a more de-
ta.” ed analysis is made of adjacent fields and these serve as key sectors
in the study and mapping of the soil cover of surrounding territories.
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Fig. 15. Aerial photograph of territory of slope of experimental sector of
steppe zone near ravine. The survey was made in spring (April). Soil sur-
face: 1) dry; 2) moistened; 3) moist

- Virginland mixed~grass vegetation was well developed in summer. On black
and-white aerial photographs it shows up in a relatively uniform gray and

dark gray tone. The differentiation of soil conditions is considerably bet—
ter when using spectrozonal photographs (from orange and orange-greenish
colors). In the dry steppe zone the vegetation usually burns up and has a

- poor differentiation.

In the autumn a considerable number of fields are again plowed and on aero-
space photographs there is direct representation of the soil cover. The
early autumn period of harvesting of agricultural crops is reflected in
the photoimage of photographs. It ‘was established that if ‘is exceedingly

- difficult or virtually impossible to interpret the soil cover of cherno—
zems (Fig. 17).
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Fig. 15a. Soil map compiled from aerial photograph of territory of experi-
mental sector of steppe zone near ravine. Soils: 1) typical thick cherno-
zem with ordinary effervescence and typical thick chernozem with reduced
effervescence on loessial clayey loam; 2) typical thick chernozem with re-
duced effervescence on loessial clayey loam; 3) typical chernozem (weakly
eroded calcareous soil at mouth of marmot burrows) and typical chernozem
with reduced effervescence on loessial clayey loam; 4) typical chernozem
(moderately eroded calcareous soil at mouth o/ marmot burrows) and typical
chernozem with reduced effervescence on loesslal clayey loam; 5) leached
meadow-chernozem soil on deluvial clayey loam; 6) leached meadow-chernozem
and alluvial meadow-chernozem soil on deluvial clayey loam.

On autumn photographs we established the presence of sectors and fields
from which crops had not been harvested on time. The following year in
these sectors there is a poorer development of plants and a decrease in
the yield of agricultural crops. In places where in autumn there was a de-
lay in the harvesting of potatoes in the following year on the photograph
(summer survey season) this sector is clearly interpreted on the basis of
tone and color., This change in tomality is related to the poorer develop-
ment of agricultural crops.

Virginland vegetation, on both black-and-white and on spectrozonal aerial
photographs for the autumn survey period,is shown more differentially

than on summer photographs. The same as on spring photographs, small round
spots, but of a dark gray tome, correspond to microhillocks with excavated
calecareous chernozems at the mouth of marmot burrows. Amidst the virgin-
land steppe it is easy to interpret soil areas with a predominance of cal-
careous excavated chernozems amidst typical chernozems with ordinary and
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reduced effervescence. Drainage troughs and ravines with meadow-chernozem
soils can be seen quite clearly.

In the dry steppe zone the most significant seasonal changes in the soil
cover are characteristic for solonchaks and solonchak-like complexes. In
spring and in late autumn in a moist state they are represented on the
photographs by an almost Black or dark gray tone. In summer with dessica-
tion the solonchaks are covered with a salt crust and on the photographs
have an almost white tone. )

We will examine the influence of seasonal conditions on the photoimage of
the soil cover and agricultural crops on space photographs in the example
of the steppe zone. In the analysis we used black-and-white photographs

of an experimental sector of the steppe zone obtained on 10 May and 8 Aug-
ust 1975 in the spectral zome 0.7-0.8{Am, and also 0.6-0.7 and 0.8-1.1pm.
In the spring and autumn periods surface field investigations were made
in this territory for the purpose of studying the characteristics of the
soil cover and the distribution of agricultural crops.

A study of the characteristics of the photoimage of space photographs and
their comparison with data from surface investigationms indicated the fol-
Jowing.

During spring, from a space photograph taken in the red and near-IR spec—
tral zomes (0.7-0.8tm) from the dark gray tome it is easy to interpret
bare fallow and fields in which agricultural crops have been sown (sugar—
beets, corn, buckwheat, potatoes) (Table 20). An analysis of these fields
makes it possible to interpret the distribution here of typical chernozems
and meadow—chernozem soils on the basis of the homogeneous structure and
the dark gray tone of the surface photoimage. In those cases when meadow-
chernozem soils have been plowed they are interpreted on a space photograph
from the uniform, almost black tone characteristic for typical chernozems
having a heavy mechanical composition and 6-7% humus.

Tf meadow-chernozem soils are not plowed, they are reliably interpreted
from the almost white image tone of the mixed-grass vegetation of longi~

tudinal troughs and ravines.

On a space photograph of the spring survey period, on the basis of the
light gray, and locally almost white tome of the photoimage, there is re-
liable interpretation of gray and dark gray forest soils with the partic-
ipation of eroded soils and poorly comsolidated sands. The photograph
clearly shows the different character of erosional dissection of the ter-
ritory. For example, the territory of an experimental sector of the steppe
zone adjacent to the left bank of the Seym River is characterized by weak
dissection (about 20% of the land is accounted for by gullies and ravines).
There is a marked increase in the dissection of the territory by a gully-
ravine network into local watersheds and the common watershed of the Cen—
tral Russian Highland between the tributaries of the rivers of the Don and
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Fig. 16. Spectrozonal aerial photo-
graph of territory of slope along
ravine in experimental sector of
steppe zone. Photograph taken in
summer (June): 1) grains; 2) grass—
es; 3) corn sprouts; 4) pasture
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Fig. 17. Spectrozonal aerial photograph

_ of territory of slope along ravine in
experimental sector of steppe zone. Sur-
vey made in autumn (September): 1) stubble
of grains; 2) corn; 3) corn (harvested);
4) grasses; 5) grasses (mown); 6) pasture
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Dnepr basins (30-40%). The maximum dissection of the lands with a con-
siderable participation of moderately and strongly eroded sojls is inter-
preted from a photograph in the region of the upper course of the Oskol
River (40-50%).

A minimum dissection of lands of the gully-ravine network is a characteris-
tic of watersheds in the neighborhood of the town of Livny (10-20%).

Alluvial-meadow soils of river floodplains show up on the photograph in an
almost white tone. Among the agricultural crops a light gray tome is char-
acteristic of fields with winter wheat. An almost white tone is character-
istic of fields with winter wheat. An almost white tone is characteristic
for plantings of peremnial grasses (sweet clover, clover, timothy, alfalfa).
A gray tone corresponds to fields of spring wheat, barley and a vetch-oat
mixture. Forests and virginland vegetation of the meadow steppe do not dif-
fer and show up in a light gray tone.

2_
{ Wl s 243l 1 |5] 1
1 ¥ T |
10 &0 90 L,nm

Fig. 18. Microphotometric profile obtained from space photograph from ERTS-
1 satellite in spectral zone 0,7-0.8m. Survey time 10 May 1975. 1) typ~
ical chernozems, leached chernozems and meadow-chernozem soils; 2, 3) gray
and dark gray forest soils with participation of poorly consolidated sands
and alluvial meadow soils; 4) alluvial meadow and meadow-swampy soils; 5)
clouds. Fields: + plowed and sprouts of agricultural crops; o planted in
winter wheat; - planted in spring crops; V in alfalfa.

A microphotometric profile which we obtained from this space photograph of
an experimental sector of the steppe zone and the territories adjacent to
it makes it possible to distinguish the following.

On the basis of the nature of the trace pattern it is possible to identify
typical and leached chernozems and meadow-chernozem soils from gray forest
soils with the participation of consolidated sands and areas of alluvial
meadow and meadow-swampy soils (Fig. 18).

Among the agricultural plantings it is poesible to determine fields with
stands and sprouts of agricultural crops vhich do not mask the surface of
chernozems. On the trace they give sharp peaks pointing in a downward di-
rection. Diametrically opposite peaks on the trace are formed by fields
occupied by alfalfa and winter wheat., It was demonstrated that in the zone
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0.7-0.8)bm these crops during the spring perilod show up in a light, almost
white tone. The middle segments of the curve with poorly expressed peaks
correspond to the image of plantings of spring crops.

An analysis of the photoimage of the space photograph taken in the IR spec-
tral zone (0.8-1.1pm), in comparison with the just examined photograph,

- did not reveal special fundamental differences with respect to the inter-
pretation of soils and plantings of agricultural crops.

On a late summer space photograph, taken in the zone 0.7-0.8pm, as indi-
- cated by our investigations, an almost black tone corresponds to the plow-
ed surface of typical chernozems and meadow-chernozem soils (Table 21).
Considerable spaces on the photograph have a light gray photoimage tone
which corresponds to fields covered with the stubble of grain crops.
Against a light gray background through virginland vegetation it is vir-
tually impossible to interpret meadow-chernozem soils associated with
longitudinal troughs and ravines, as was demonstrated for the spring per-
iod. On the basis of a light gray tone it is possible to discriminate
areas of gray and dark gray forest soils. On the basis of an almost white
tone there is reliable interpretation only of alluvial-meadow soils of
such large steppe rivers as the Seym. Small steppe rivers, as well as the
nature of the erosional dissection of the territory, are not determined
from the summer photograph or are interpreted unreliably.

Among the agricultural crops fields of corn, sugarbeets and alfalfu have
an almost white tone, Fields of harvested corn have a gray tone. Forests
and virginland steppe show up in a light gray, almost white tomne.

Clouds are a considerable obstacle to the successful interpretation of the
soil cover and agricultural crops; these show up on the photographs in a
gray tone, whereas the shadows cast from clouds onto the earth's surface

: have an almost black tone. It is very difficult and sometimes almost im-

_ possible to use a summer photograph in the zone 0.7—0.8%Lm to interpret

- the presence of small cumulus clouds. On the ground the shadows from it
show up as small spots of an almost black tone which with respect to image
tone merge with plowed fields with chernozems and meadow~chernozem soils.

The photoimage of the soil-vegetation cover on a space photograph taken in
the red zone of the electromagnetic spectrum (0.6-0.7wm) has a fundamen-
tally different character in comparison with the photograph just consider-
ed. On this photograph a gray tone shows sectors of bare fallow and plowed
fields with a direct image of the soil surface.

Against a general gray and light gray background of the photograph, against
an almost white or light gray tone along the right bank of the Oskol, Rat'
and Tuskar' Rivers, it is easy to interpret gray and light gray forest
soils with the participation of eroded soils and semiconsolidated sands.
In the IR zone fields with corn, sugarbeets and alfalfa have an almost

- white tone; in the red zone they appear in a dark gray or almost black tome.
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The stubble of grain crops and corn, due to the high reflectivity of
straw and afterharvest remmants, is interpreted from a light-gray or al-
most white image tone. The forests have an almost black tone, whereas the
virgin land of mixed grass vegetation has a gray tone. Accordingly, on
this photograph they are easily discriminated from one another. The images
of alluvial-meadow soils of the floodplains of such steppe rivers as the
Seym are characterized by gray and dark gray tones with a poorly discrim-
inated internal differentiation of the soil-vegetation cover on the flood-
plain. The clouds on this photograph show up in a white tone but their
shadows are almost black, which makes it difficult to discriminate them
from forest areas.

A comparative analysis of the space photographs taken at different survey
times indicated that they mutually supplement and enrich one another with
respect to a more complete transmission of information on the soil and ag-
ricultural resocurces of the investigated natural regions. It was estab-
lished that the surface of typical chernozems and meadow-chernozem soils
on both spring and on summer photographs shows up in a dark gray tome in
the range 25-30 units of the gray tone level, whereas fields of alfalfa
and perennial Rrasses have'an almost white tone, equal to 50-60 units. Ad-
ditional significant data on the soil-vegetation cover can be obtained
when using space photographs of different spectral survey zones.
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Chapter 5
INVESTIGATIONS OF SOILS FROM SPACE PHOTOGRAPHS

- During recent years there has been ever—increasing use of space photo-
graphs and methods for remote observations in agriculture both in our
country and abroad.

Fundament=1 Russian publications (Beregovoy, et al., 1972; Vinogradov, Kon-
drat'yev, 1971; Gonin, Strel'nikov (editors), 1975; Grigor'yev, 1975; Vino-
gradov, 1976; ISSLEDOVANIYE PRIRODNOY SREDY KOSMICHESKIMI SREDSTVAMI, 1973,
1974, 1975, 1976; Rodionov (editor), 1973; METODY DESHIFRIROVANIYA, 1976;

- ISPOL'ZOVANIYE KOSMICHESKIKH..., 1977; Kravtsova, 1977; KOSMICHESKAYA
S"YEMKA..., 1979; AEROKOSMICHESKIYE..., 1979) examined the general prob-
lems involved in the interpretation of space surveys, including their use
in the study of the soil and vegetation cover. Abroad these matters have
been dealt with in systematic aids (MANUAL OF REMOTE SENSING, 1975; Bar-.
rett, Curtis, 1976).

- Space methods ensure broad possibilities for obtaining information on the
use of terrestrial resources in agriculture (Table 22). |

Soviet and American specialists in the field of use of space photographs
for agricultural purposes assume that about 90% of the data necessary for
i rational land use can be obtained using aeroapace methods. The latter
- make it possible to identify the principal categories of use of agricul-
tural lands: cultivated lands with different types of agricultural crops,
meadows, pastures, fallow lands, etc. Remote methods constitute an impor-
tant tool for the successful solution of agricultural problems.

In 1968 the US Department of Interior outlined a program for investigating
natural resources using artificial earth satellites of the EROS type
(Earth Resources Observation Satellite), a satellite for observing the

- earth's resources. In addition to NASA, the US Department of Agriculture
and other departments are taking an active part in this program.

One of the principal aspects of this program is obtaining the space photo-
graphs necessary for compiling and revising different types of special maps
(Colvocoresses, 1975). This objective is one of the most important as well
in the Soviet program for the use of space materials (Bryukhanov, Makhin,
) 1973; Salishchev, et al., 1975; Kiyenko, Kel'ner, 1976; Zomm, 1977; Knizh~-
T nikov, Kravtsova, Fivenskiy, 1975; PRIMENENIYE..., 1978).
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In the US and USSR space programs for the study of natural resources great
attention is being devoted to solution of practical problems. Below we
wlll describe a number of matters which are being dealt with in this pro-
gram for the use of space materials in the field of agriculture,

The inventorying of agricultural fields provides for investigations for
measuring the areas of agricultural fields, establishing the boundaries
between fields and wooded areas, preparation of maps showing agricultural
crops, and also compilation of special speedily prepared maps of agricul-
- tural fields based on satellite data.

The estimating of the yield of agricultural crops provides for investiga-
tions of the use of space data for determining the state of virginland
vegetation and agricultural fields, the degree and area of weediness and
diseases of agricultural crops, shortages of moisture for growing vegeta-
tion, and also for routine monitoring of the state of wintering of winter
crops, estimation of the productivity of hay fields and pastures.

Improvement in use of arable land., In solving this problem plans call for
investigations for studying the structure of the tilled soil layer, for
determining soil moisture content and temperature, the needs of soils for
drainage and irrigation, degree of erosion and salinization of soils, for
evaluating the results of recultivation of soils, for determining the re-
gions subjected to frosts and the falling of precipitation, for detecting
the shortage of nutrients in the soil, for the mapping of different types
of solls with clarification of structure of the soil cover, for regional-
ization of soil resources.

The soil-agricultural interpretation of photographs taken from space makes
it possible to have data on a global and regional scale on the soil cover
and on plantings of agricultural crops. Among the specific properties of
soil-agricultural intermination are extensive coverage, small scale and

- generalization of the photoimages of features.

Coverage of Space Photographs and Study of Soils

In comparison with materials from an aerial survey, space photographs cover
enormous areas of the earth's surface. Depending on the frame format,
focal length of the objective and survey altitude the area covered by one

- photograph will be different. Space photographs of extensive territories

of the earth for the first time are making it possible to see objectively
the nature of the soil cover of individual regions and provinces, indi-
vidual mountain systems and the vertical zonality associated with them.

On a space photograph of the territory of the southwestern part of Morocco,
obtained as a result of flight of the "Gemini-5" spaceship from an alti-
tude of about 280 km at a scale of ~1:900,000,it is easy to see the coast-

al region near Sidi Ifni and the marginal part of the Atlas and Antiatlas
mountain system (Fig. 19, 19a). The comparison of this photograph with
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the soil map of Morocco at a scale of 1:15,000,000 which we made indicated
the possibility for a substantial refinement of the soil cover in this re-
glon on the basis of space photographs for the lowland and mountainous
parts of the territory. Mountain cinnamon soils and mountain cinnamon
solls eroded to different degrees are formed here under subtropical for-
est or scrub. Beneath forests these soils appear on the photograph as dark
gray and under thin forest in a gray tone with a folded-corroded structure
of the photoimage characteristic for mountainous areas.

In the northwest, in the coastal sector, the Antiatlas Mountains border an
extensive lowland with elevations less than 200 m. The vegetation is rep-
resented by thin forest with the argan tree, thorny scrub with a predom—
inance of acacia and jujuba, as well as desert-adapted grass associationms.
Cinnamon soils, gray soils of subtropical semideserts, irrigated gray soils
of oases and black subtropical soils are developed here. On a space photo-
graph, against the uniform gray background of the image of the desert land-
scape of the coastal lowland with its cinnamon soils, it is easy to see
dark spots -- sectors occupied by oases. The gray soils of the subtropilcal
semideserts have a light gray tone of the photoimage. A dark gray tone
clearly reveals the moister sectors of irrigated gray soils and black sub-
tropical soils. A lowland with sandy soils extends in a narrow band along
the Atlantic coast in the lower part of the photograph.

Another space photograph, taken during the flight of the "Gemini-4" space-
ship over the territory of Oman, in great detail (at a scale 1:750,000)
reveals the nature of the earth's surface in the eastern part of the Arab-
ian Peninsula (Figures 20, 20a). We carried out soil interpretation using
a soll map of Asia based on black-and-white and color photographs. The al-
titude of the survey was 180 km; the area of the survey was 22,500 km2. The
color photograph clearly shows sand dunes in a reddish-yellow color with
the crests extending from north to south for tens and hundreds of kilo-
meters parallel to the prevailing wind direction. Chains of mountains rise
sharply from them to the northeast; these mountains of Oman rise up to
3,000 m. These mountalns are made up of limestones, marls and shales with
outerops of voleanle rocks. The vegetation 1s very sparse. The soll cover
ls represented by reddish-brown mountain soils of the savanna and is char-
acterized by extensive occurrence of rock debris.

The photograph clearly shows a finely corroded folded dendritic pattern of
a gray tone associated with erosional dissection of the surface, the di-
rectlon of the mountain folds and dry valleys. A very rocky foothill zone
around the mountains with a width of about 20 km is clearly interpreted
from the more uniform-homogeneous pattern. Dry rocky wadis are represented
on the photograph by the light-colored veins of the dendritic pattern.
Reddish-brown desert-adapted savanna soils are formed in the foothill sec-
tor, Along the southeastern part of the peninsular coast the light gray
tone on the photograph represents a zone with coastal off-shore bars and
gentler relief forms than in the foothill and especially in the mountainous
part of the territory. This zone consists of soils of the tropical deserts,
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- and in the sector transitional to the mountains there are reddish-brown .
desert-adapted savanna soils. Individual small spots and dark points along -
the boundary of dunes and along the coast correspond to cultivated oases. :

- Swamps, lagoons and residual lakes have the darkest tone on the photograph. o

Fig. 19. Space photograph of territory of southwestern Morocco adjacent to _
Atlantic Ocean. Scale ~ 1:900,000. Survey made from "Gemini-5" spaceship.

Bl

The mountain and foothill zone, coastal strip and zone of sand dune occur-
rence are reliably discerned in general on the space photograph on the ba-
sis of the nature of the earth's surface and soil cover (its structure and
- different erosional dissection). -

It was established in our investigations of space photographs of mountain- -
- ous regions that the vertical zonality of the soil-vegetation cover is -
clearly traced from them. For example, from a comparison of space photo-

grap's of Altayskiy Kray taken during flight of the "Salyut" orbital station
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in the summer of 1971 and soil maps of this region, taking into account

- the change in the gray phototone and the image pattern, it is possible
to see the transition from mountain gray forest soils formed under the
dark coniferous mountain forests of Southern Siberia, to mountain and or-
dinary chernozems, partially tilled or occupied by mountain meadow steppes.

) ATHAHT ny e ek n it RS Z [[[[m]r
/\0}56’}”[ R0 %
: %

VYp/AraH

(5

Fig. 19a. Interpretation of soil cover from space photograph of territory
of southwestern Morocco adjacent to Atlantic Ocean. Soils: 1) mountain
- reddish-cinnamon and cinnamon; 2) mountain reddish—cinnamon and eroded
cinnamon; 3) mountain reddish-cinnamon, cinnamon and reddish-brown; 4)
- mountain cinnamon; 5) reddish-cinnamon and cinnamon; 6) cinnamon and gray-
cinnamon; 7) gray-cinnamon and black subtropical; 8) gray soils of sub-
tropical semidesert; 9) gray solls of irrigated oases; 10) sandy coastal
zone of ocean; 11) alluvial.

The lower zone of steppe expanses of the analyzed territory is represented
- by southern chernozems, dark chestnut and chestnut soils with a high per- _
centage of solonetz. In the lowland part, against the general gray and ’
light gray image background of the image of chestnet and solonetz soils,
on the basis of the dark granular pattern of the photoimage and the ex-
tended linear form of the contours, it is easy to distinguish sandy uncon-
olidated soils formed under steppe-adapted band pine forests which occur
along the channels of ancient watercourses.
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Fig. 20. Space photograph of eastern part of Arablan Peninsula in region
of Cape Guardafui (Ras Assir). Scale 1:750,000. The survey was made from
the "Gemini~4" spaceship.

z Small Scale Properties and Generalization-of Soil Photoimage

An important characteristic of a space survey is that the photographs are
small scale. The photographs may be of a very small scale, about
1:10,000,000 - 1:100,000,000 and smaller, with great generalization not
only of the soil-vegetation cover, but also relief forms on the earth's
surface. Such photographs are used for scanning purposes. Both in our
country and abroad rather extensive use is made of small-scale photo-
graphs at a scale of 1:1,000,000 - 1:2,500,000. These space photographs
can be used in small-scale soil mapping. The optical genmeralization of
the soil cover, which is reflected in the nature of the photoimage of these
photographs, makes possible successful interpretation and mapping of zon-
al and especially intrazonal soils and detéction of “erdded:-and 'salinized
sectors revealing a different character of agricultural -Iand use.
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Table 22

Possibilities of Use of Space Research Methods in Agriculture
(AGRICULTURAL APPLICATIONS..., 1967)

Field of application Necessary resolution rela~ Interpretation methods
tive to maximum possible
theoretical resolution in: photographic IR and
photographic IR and infra- infrather-
methods thermal methods mal
Determination of Minimum Developed Not developed, -
principal types of
= land use

Observation of " Same Same
soil cover :

Observation of
- water resources

Mapping Minimum Unsuitable

Observation of Minimum Partially
state of pastures developed

Observation of ag-
ronomic conditions Same

Determination of Average Minimum "

types of agricul-
tural crops

Observation of in- Maximum
tensity of develop-

ment of agricultural

crops

Determination of
yield of agricul-
tural crops

Observation of " » Not developed
farm animals
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Table 23. Interpretation Criteria for Soils for Space Photograph and Aerial
Photographs (Table~Key). Survey Time —- Late Spr%ng and Early Summer, Pho-
- tographs: Black-and-White (Isopanchromatic). Aerial Survey Scale: Medium.
Space Photograph Scale: Small

. ToyvooGpa- Pactrtens- FayGmma FnyGuna <
_ sywoman HOCTB, €.-X. TPYHTOBEX o6pasua, 2
i Soil Relief | ™M yroxse pox. w o f 8
1 2 3 4l F 3
i Yepuosem |CnaGosminyk- {Jleccopupuse |[Tausns Bosee 10 m 0-25 17,9
= 1] MHUEAIAPHO- [nudt BOAOPA3-|oTOMeHHA 31
XapOGoHaTHbifi {fen 17 23 29 30—40 | 7,9
CBEPXMOUIHBIRA
60—70 | 8,4
90—100f 8,3
160—170| 8,5
- Jlyroso-  [Y3kan mnaoc-|demosnans- {[Tamns Bonee 10 m,| 0--25 | 6,9
12 YEePHO3EMHaR |Kas N0KOHHA [HHe OTA0Ke-|- BpEMenHOe 30—-40 | 7,2
BHIleI04eH- LU YA nosepxuoct- | 50—60 | 7,9
HaA  cBepx- 18 HOE yBA@XHe-
MolLnas Hue 90—100{ 7,2
32 150—160{ 7,6
13 Jlyroso-  |[lnockan  3a-{/lemoBuans- ([Mauns Bosee 10 M, 0—25 | 6,5
gepHo3eMHan |naauna HbEe  OTOXe- {nepHopuaec- | 30—40 | 6,9
ocoslonenan 19  juus koe mosepx-{f 55—65 | 7.5
- cpenneMoit- 25 HOCTHO® 90—100{ 7,5
- Han 33 170—180| 8,4
UYepnosem- iTeppaca, Jlpepneanmo- [flawms . |2 M 0—-25 | 6,8
14 youn froBas  |MJIOCKHe |BHanbHBIA 30—40 7,1
Y
BblENOYeH- |y4aCTKH cyrnunox 26 60—70 | 7.1
Has 20 90—100} 8,0
- 190—200{ 8,9
- Cononen,  |Teppaca, Ipesueanmo- awns 2.5 M 0-—-20 8,8
_ 15 ~nyrosoit co-|MAKpONOBuI- |BHAALHHRA 30—40 | 8.5
JIoHYaKopa-  jwenis 21 |CYraHHOK Q7] 50—60 | 9,6
THil 120—130| 9,9
170—180| 9,5
16 Conokuax  |Mputeppactiog(3aconetiivie  [Consuxoso- |1,5 m 02 10,6
JyroBoi noWHKeHHe | HENIOBHAML.  |NOABHHBRA 2—-7 10,5
Hble TJHH  [KOMIJIeKC
22 28 0 2030 | 10,3
\ 3 50—60 | 10,2
75—85 | 10,0
110—i120{ 10,2

125

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

FOR OFFICIAL USE ONLY

: Mexannseckni
» L)
- égé g m‘.’:& Interpretation criteria
: g8 | =
\l = .
<0,001} <0.01
E: gggg 8 ga! < air photos space photos
5,0} 33,6 | He | Her | 48 | 79 Onxopoauuit Onnoposuuf
onp. 35 TeMHO-CEPHA  TOH | TeMHO-CeDHIl * TOH
He | 34,1 | 0,7 ) 48 78 |na mapax u pasuas | oronaoGpanenns,
34 onp. TOHAJLHOCTL HA MO- | XapaKTepHwA  aan
4,7 | 21.4 | 3,9 > 52 82 [asx ¢ mocemamu.| yepHozeNOB MHUEn-
381 198 3,5 > 52 79 | KouTypw Kpynumix | napuo-KapGouat-
2,1 12,91 3,8 > 53 82 | pasmepos 36 HHX 42
6,9 | 24,7 Her 41 Konrypwt ysxot| Konrypw  ayro-
4,6 | 22,9 » 35 He onp. |BurtasyTofi npemo-| po-yepnoseMubix
He | 22,4 > » » 3/ |BRAHCH QopMu Go-|nows we BHAHH
34onp. Jnee TeMHOTO ToMa, | H3-3a  onTmuecKoRt
2,91 21,6 > s > 9eM  OKpY)KaIOmIHe | renepanH3auu
1,4 | 18,3 > » YYaCTKH C wepHo3e- 43
_ MaMH 37
2,7 | 12,6 > 49 66 MaTuucrookpyr-
1,1 | 14,8 > 54 85 |nasm dopma Komty-
1,4 14,6 » 53 84 |pos, pasmep me-
1,01 13,6 » 65 88 | Gonbinod. Caerno-
He onp. » He onp. [cepu Ton npn pac-
. nialKe moYs H ce-
- puii  mOR  pacTH-
TeLHOCTEO 39
231 10,4 Her 35 28 47 |  Temno-cepuit Heoanoponusiii
1,5 2.2 > n 42 |7Ton, wmeccTamn ce-| pucymok Temmo-ce-
1,6 9,1 1 0,1 | Her| 28 38 |puk y konTypos|poro ®  ceporo
0,8 He 1,2 » 27 — | nerkocyraHHHCTO- TOHA 44
onp. ro  MeXaHH4ecKoro
He 3.4 3.4 » 21 28 | cocraBa 39
onp.
231 10,71251035]| 30 45 Y3opuatuii nect-|  Koutypw  smTA-
081 12,8 1 1,5|1,83| 26 | 50 {pui  mavencuusiht| AyTH BlOAL ROMAK
0,6 11,1 | 6,2 1097] 39 | 56 |pucywok Kkentypos| crennux pex.
e | 8,6 | 49 |1,02| 33 | 48 |cperno-ceporo = 7o-| Komnnexcuocto
onp. Ha, Pa3MepH KOH-| NOYS TeppacH W
» 8,0 26| He | 27 | 38 |Typom MenkHe, () | mofiMm  uATerppy-
onp. erca ’
1,1 [Heonp.! 4,2 | 3,46 | He onp.34  Spro-cectmsh
- 1,71 »{ 4,0 He » > TOK H3-32 BHlUBe-
onp. TOB KOPOUKH concil
0,6 |» » | 4,6 11,37 > » Ha  MOREPXHOCTH
061> »|6,7 He » » noysH
on| 41
06 |> »| 7,010, » > *
0,3 ]|» »| 58| He > »
onp.
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Lsuan vrriuint vono vivul

—
Tlounoobpa- Pacturenn- IayGuna Tay6ina S
. - - sytomas . C.eX, g
Soil | Relief| row | "wime™ | Mhoaht | e g
1 2 3 4 £5
Annonn- Moiima,  rpn-|Anmosnant.-
47 anbHAA cAabo-|BuCcTHI 45 Hble ne;f::;ue s Posez 3 u 38_38 ;'7
pa3zBHTas pensed OTJIOKEeHRS 51 29 31 60:70 B'g
: 90—100| 8.0
140—150( 8,3
48  Anmosu-  |loiima, un
, waoc-{Anmonnan,- (1 5
:.:buacﬂ JYro-|Kue yyactku llblccyl‘JlaD:::KH i boree 2.5 u| 025 | 7.8
A COMONYa-|
nam S 50 |u raun 52 30—40 | 7,9
65—75 | 8,0
15125 7,8
170—180) 7,9
- KEY TO TABLE 23
. Soil-forming rock
- . Vegetation, agricultural crops

Depth of ground water, m
Depth of sample, cm

pH aqueous

Humus, 7

€Oz, %
. Sum of salts, %

WO~ wN -
.

Absorption capacity, meq/100 g of soil

10. Mechanical composition (%) of particles, mm
- 11, Micellar-calcareous extra-thick chernozem

12, Leached, extra-thick meadow-chernozem

13. Solodized, medium—thick meadow-chernozem

14. Leached chernozem-meadow

15. Solonchak-like meadow solonetz

16. Meadow solonchak

17. Slightly convex watershed

18. Narrow flat trough

19, Flat swale

20, Terrace, flat sectors
21, Slightly raised terrace
22, Depression near terrace
23, Loessial deposits

24, Talus deposits

25. Talus deposits

26. Ancient alluvial clayey loam
27. Ancient alluvial clayey loam

28, Saline deluvial clays
29. Cultivated land
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Table 23 (continued)

- Mexaunteckun
é o ] 8 il 9 coctas (%)
o6 §3 Ll s aacTim. MM 1 tion criteria_
§ gség P i <0,001 | <0.01
AZge| 8 | o= |7 | air photos space photos
0,7 75 0,1 | Her | 19 25 Caet/10-cepHit
0,3 55 02| » 40 20| 25 |ton ws-3a onecua-
0,3 4,2 1521 » 20 32 |nemnocrn, opma 53
34 He onpesensan > He onp. | kourypon  cepno-
He 30126 » 15 16 | onanas, mexrpusH-
onp. CTHE  NORHXeHHs
Ceporo H TeMio-ce-
poro ToHa .
29 2,4]09 He 33 59 Cepuifl ToH doTO-
onp. n3o6paxceHus  co
1,4 1250 He | » 65 83 |crapruamn Temno-| 54
34 onp. | ceporo Toua u ay-
1,3 | 23, 1,3 44 He onpenensnn | ropo-60n0THLMH
0,9 He 37 > 34 » nouBaMn
onp.
He | 25,4 | 1,8 » »
onp,

KEY TO TABLE 23 (continued)

30.
31.
32.
33.

34,
35.
36.

37.
38.
39.
40.

41.
42,

43,
44,

45,
46.

Russian thistle~wormwood complex

More than 10 m

More than 10 m, temporary surface moistening

More than 10 m, perlodic surface moistening

Not determined

No

Uniform dark gray tone on fallow and different tonality on fields
with crops. Large soil units

Soil units of a narrow elongated dendritic form of a darker tone
than the surrounding sectors with chernozems

Spotty-rounded form of soil units, small size, Light gray tone in
case of plowed fields and gray tone in case of vegetation

Dark gray tone, locally gray for soil units of light clayey loam
mechanical composition

Figured, mottled, serrated pattern of soil units of light gray tone,
small size of soil units

Bright-light tone due to efflorescence of crust of salts on surface
Uniform dark gray photoimage tone characteristic for micellar-cal-
careous chernozems

Areas of meadow-chernozem soils not visible due to optical general-
ization

Nonuniform pattern of dark gray and gray tone

Soil units elongated along valleys of steppe rivers

Complexity of soils of terrace and floodplain is integrated
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KEY

47.
B 48,
49,

51.
52,
53.

54.

LUN VLLlLLAL VoL VLl

TO TABLE 23 (continued)

Alluvial poorly developed

Alluvial meadow solonchak-like

Floodplain, crested relief

Floodplain, flat sectors

Alluvial sandy deposits

Alluvial clayey loams and clays

Light gray tone due to sand permeation, form of soil units crescent-
shaped, intercrest depressions of gray and dark gray tone

Gray tone of photoimage with cut-off meanders of dark gray tome and
meadow-swampy soils

kkkkkkk
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Fig. 20a. Interpretation of soil cover from space photograph of territory
of eastern part of Arabian Peninsula in neighborhood of Cape Guardafui
(Ras Assir). Soils: 1) mountain reddish-brown savanna soils; 2) mountain
reddish-brown soils of dry savannas; 3) reddish-brown highly rocky desert-
adapted savannas; 4) reddish-brown desert-adapted savannas of intermont

_ basins; 5) soils of tropical deserts; 6) soils of tropical deserts with
sandy off-shore bars; 7) ridged deflatable and semiconsolidated sands; 8)
irrigated soils of oases; 9) coastal lagoons and swamps.

- Applying specialized photographic systems and artificial earth satellites
it is possible to obtain space photographs at the intermediate scale of ]
1:100,000~1:200,000 which with a high detail impart the image of the soil -
cover, the nature of the mechanical composition, different humus content, )
moisture content, erosion and salinization of soils. ‘

At the present time the most widely used scales of space surveys are
1:10,000,000 ~ 1:1,000,000 or larger. A survey at scales 1:100,000 -
7 1:1,000,000 is promising for study of the soil cover on a regional basis. )
. The choice of scales of these photographs is determined by the necessary -
accuracy in soil mapping. An analysis of space photographs taken from the
"Soyuz-9," "Soyuz-12" and "Soyuz-22" spaceships and the "Salyut" orbital
station indicated that these photographs can be used in compiling and B
correcting a soil map at a scale of 1:1,000,000.

Data from foreign authors show that materials from the "Apollo-9" space-
ship at a scale of 1:3,000,000 were used in compiling a photomap at
1:250,000, whereas the photographic systems of the "Skylab" orbital station

~ ensured the preparation of maps at a scale of 1:118,000 with an initial
survey scale of 1:2,500,000.

The problems involved in the generalization of space photographs are insep- =

arable from complex special mapping. In order to compile intermediate—~ and .
small-scale soil maps it is desirable to have a scale of space photographs
Z (enlarged from the original by 2%-4% or 3%-5%) identical with the mapping -
) 135
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scale (Kravtsova, 1974, 1977). This is associated not only with the tech-
nical conveniences for work with space photographs, but also with the sim-
ilar generalization level.

- An important characteristic of a space survey is that on space photographs
there 1s an objective optical generalizatioh of the earth's surface and
soil cover. In order to analyze this problem we studied the possibilities
of interpretation of the soil cover of the dry steppe zome in the region
of the "Tsimlyanskiy" sector on the basis of a space photograph and mat-
erials from an aerial survey.

The scale of the space photograph taken from the "Soyuz-9" ship in June

- 1970 was 1:2,500,000. The scale of the aerial photographs is different.
The photographs were black-and-white, In carrying out the work we compared
and analyzed the-photographic images of different soils on the aerial photo-
graphs and on the space photograph for the territory of different natural
regions, We analyzed sectors of different watet‘divides, terraces and flood
plains of a steppe river. The materials of field checking are given with an

- indication of the morphological and physiccchemical data for the investigat-

ed soils (Table 23).

- The space photograph and small-scale maps were used in identification and
geographical tie-in to the terrain. This was done most easily using a

- photoimage of the shores of the Gulf of Taganrog, Tsimlyanskoye Reservoir
and Lake Manych-Gudilo. The meanders of the lower course of the Don and
Manych Rivers show up clearly. Due to cloud cover the Sal River could be
traced reliably only in the lower mouth reach; the remainder of the course
had to be plotted approximately.

The second element after the hydrographic pattern which could be determin-

, ed from the space photograph iis the character of agricultural use of the

- territory. On the basis of the degree of land use exploitation it is easy
to distinguish three soil-geographic regions: light chestnut soils with a
minimum percentage of tilled land, chestnut soils, where exploitation in-
creases sharply to 30-40%, and southern chernozems which are 50-60% tilled.
However, against the image background of chernozems it was impossible to
see micellar-calcareous thick and very thick soils with plantings of ag-
ricultural crops. This is evidently associated with the time of the survey

_ (mid~June). During this period fields with plantings of winter wheat, which
predominate in this region, merge on the photoimage with the soil surface.

All three principal components of the soil cover — micellar-calcareous
chernozems, meadow-chernozem, meadow~chernozem solothized -- in the ter-
ritory of the Azov-Kuban plain were clearly traced on large-scale aerial
photographs. Using medium-scale aerial photographs meadow-chérnodzem soloth~
ized soils, due to the small size of the depressions, were interpreted with
difficulty. An analysis of similar soils on a space photograph indicated

_ that in the process of optical generalization the meadow-chernozem soils

_ of bcllows and depressions merge into a single contour of a dark gray tone

characteristic for the photoimage of micellar-calcareous chernozems.
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Another experimental sector took in the marginal watershed eroded part of
Sal'sko-Manychskoye interfluve and the terrace of the Manych River. On

the aerial photograph the eroded chernozems with a humus content of about
4% show up in a light tone. The soil cover of the terrace is complex. Here
there is representation of chernozem-meadow solornetz-like soils with soil-
ground water at a depth of 2 m. On the aerial photographs these soils ap-
pear in a dark gray tone due to increased moisture content and a quite
good supply of humus. Meddow solonchak-like solonetz soils are another
component of the soil cover on the terrace. On aerial photographs they
show up in a light gray tone of an intricate pattern. A still brighter
light tone is characteristic of the image of meadow solonchaks, which at
the surface have a salt crust. In general, the terrace photograph has a
clearly expressed fine-ribbed intricate pattern characteristic for a com-
plex soil cover with solonetz soils,

An analysis of a similar territory on a space photograph indicated that
this complexity of the soil cover and the high percentage of participation
of meadow soils, solonetz soils and solonchaks is reflected in a nonuni-
form pattern of a gray and dark gray tone on the photoimage of the space
photograph, -

The third experimental sector is the floodplain of the steppe Don River.
The floodplain surface has a complex relief consisting of sandy crests,
clayey loam depressions between the crests, distributaries, present-day
and ancient ox~bow lakes and flat leveled sectors.

Alluvial meadow sandy and sandy loam soils are formed on the sandy crests.
On aerial photographs these soils are easily interpreted from the curved
form of crests with a bright-light tone. In the more moistened depressions
between the crests there is development of alluvial meadow glayey loam
sand-permeated soils. On aerial photographs they have a gray or dark gray
tone, depending on the degree of moistening and the humus content. On a
relatively flat sector of the floodplain, made up of clayey loam and heavy
clayey loam saline deposits, there are alluvial meadow solonetz-like and
solonetz-solonchak-like soils. On the aerial photographs these soils show
up in a gray tone. Against the background of these soils, due to a dark
gray tone and a curved crescent shape, it is easy to interpret long, narrow
troughs, poorly expressed in the relief, greatly leveled depressions be-
tween the crests and silt-filled ox—bow lakes, Alluvial moist-meadow sol-
onetz-like heavy clayey loam soils have developed here. In former ox-bow
lakes, well expressed in the relief, there are alluvial meadow-swampy and
swampy soils which on an aerial photograph are clearly interpreted due to
their affinity to ox-bow lakes and the dark image tone. The photograph
showed the first terrace above the floodplain with highly solonetzic
combined soils and solonetz soils. The solonetz complex shows up in a
nottled pattern with a light gray tone.

A study of the photoimage of this sector from a space photograph indicated
that the soil cover of the floodplain and the territory of the first ter-

race above the floodplain do not differ from one another and show up in a

complex pattern of a gray and dark gray tone.
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The results of a comparative analysis of small-scale soil maps and the
space photograph indicated the following. On the space photograph the

area of micellar-calcareous chernozems adjacent to the Gulf of Taganrog
shows up in a dark gray tone of a uniform pattern. Southern chernozems

have a similar image tone. However, in the areas of southern chernozems

- it 1s easy to see rectangles of fields with plantings of agricultural crops.
They are particularly clearly visible in the southeastern part of the Sal'-
sko-Manychskaya Ridge on the boundary with chestnut soils.

Southern chernozems in combination with meadow~chernozem soils, situated
- on the high terrace of the Don between its valley and the Lower Don Canal,

- were reliably interpreted from the darkest photoimage tone., This tone, on
the one hand, is associated with a considerable humus content (about 4%),
and on the other hand, with a high soil moisture content, since a consider—
able area between the Lower Don Canal and the Lon valiey is a zone of inten-

- sive irrigation.

A considerable area to the south of the Tsimlyanskoye Reservoir, where
southern chernozems and especially chestnut soils are encountered, is

B covered by noncontinuous cloud cover, but it masks the surface image. Only
in the region of the southeastern tip of the Sal'sko-Manychskaya Ridge
does the cloud cover disappear, and from the photoimage oti the space
photograph it is possible to determine clearly and map areas of chernozems,
chestnut and light chestnut soils, With respect to the image tone the

_ chestnut 2nd light chestnut soils with a high participation of solonetz
solls are similar. They show up in a light gray tone, but chestnut soils
have a considerably higher percentage of cultivation in the territory.
There is very reliable interpretation of the boundary in the neighbor-
hood of Lake Manych-Gudilo between light chestnut soils with a high par-
ticipation of golonetz soils and southern chernozems. On a space photo-
graph at the western tip of Lake Manych-Gudilo an area of meadow-chestnut
soils also stands out sharply against a light gray background of light
chestnut soils. It shows up in a mottled pattern of a dark tone with
light gray spots.

On space materials a study was also made of the degree of generalization
of the soil cover of the dry steppe Zavolzh'ye region. For these purposes
use was made of a space photograph at a scale of 1:2,500,000 for the ter-
ritory of the Syrtovoye Zavolzh'ye steppe zone, taken from the "Salyut—4"
orbital station, whereas as a "key" use was made of a soil map of one of
the farms of this territory at a scale of 1:25,000 which we compiled
earlier (under the editorship of Doctor of Agricultural Sciences V. A.
Nosina) using aerial photographs at a scale of 1:17,000. The investiga-
tions indicated that on a space photograph on the basis of the different
texture of the photoimage there 1s reliable discrimination of southern
chernozems developed on watersheds with areas of eroded soils (complex
dendritic texture) and southern chernozems formed on terraces (uniform or
wideiy spaced dendritic texture). The complex pattern of the photoimage
of the soil cover of terraces, discriminated from aerial photographs
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— (southern chernozems of different thickness, excavated chernozems, meadow-
chernozem Soils), on a space photograph had a uniform image of a dark gray
tone, On watersheds and terraces on the basls of a dendritic pattern of a
light gray tone there is reliable interpretation of eroded and "washed"
solls of gullies and ravines and meadow-chernozem soils developed on
their bottoms.

As aresult of a comparative analysis of the optical genmeralization pro-
cess it was established that on space photographs at a scale of 1:2,500,000
for the territory of the Syrtovoye Zavolzh'ye it was possible to deter-
mine 5-6 of the soils of the 20 reliably interpreted from large-scale
aerial photographs. In the course of generalization there is a quantita-
tive and qualitative selection of soil areas and generalization of their
configuration.

In the theory of space interpretation of the soil cover, due to its gener-
- alization, it is possible to introduce the concepts of simple and complex
integration, The first is characteristic for the representation of soil
combinations on a photograph, whereas the second is characteristic of rep-
resentation of soil combinations and soil complexes on a space photograph.

The joint use of aerial photographs and space photographs of different
scales indicates that as a result of optical generalization there is rep-
resentation of a different structure of organization of the soil cover. At
present a study of different types of structures is of theoretical and
practical interest for the needs of agricultural production.

Interpretation and Checking the Condition of Soils in Different Natural
- Zones from Space Photographs

One of the promising directions in the use of space materials in soil sci-
ence is the development of methods for the quantitative and qualitative
inventorying of soil resources, the development of methods for the visual-
instrumental soils interpretation of space photographs and monitoring the
condition of soils.

The interpretation of soils was carried out with the use of soil maps at
mediun and small scales, aerial photographs and materials from field in-

- vestigations. An analysis of space photographs, based on study of the
soll cover of the steppe and desert zones, indicated that using them
there is reliable interpretation of automorphous, polyhydromorphous,
hiydronorphous, floodplain alluvial and ‘irrigated soils.

In the steppe zone of Altayskly Kray and Kazakhstan, on the basis of space
photographs at a scale of 1:1,500,000 (and enlarged 4-5%), obtained during
the flight of the "Salyut-1" orbital station, there was successful inter-
pretation of a number of soils (Table 24) (in the preparation of this
table-indicator in our investigations we used materials from a complex
geographic interpretation of space photographs for the purposes of special
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mapping, work carried out in 1975 at Moscow State University under the di-
rection of K. A. Salishchev.

An analysis of the table shows that the cited soils are interpreted with a
different degree of reliability. Soils with a different participation of
- solonetz are poorly discriminated from one another on small-scale photo-
graphs. On the basis of absence of plowing of the soils and a lighter
photoimage tone it is possible to make an indirect judgment concerning
an increase in solonetz in the soil cover.

It is very easy to see the difference between soddy-slightly podzolic
sandy and the main background soils of this territory —- chestnut and
southern chernozems; between ordinary chernozems and mountain chernozems
and gray forest soils; between alluvial-meadow and meadow-swampy soils of
low and high floodplains.

The data in Table 24 show that using interpretation criteria there is a

- reliable interpretation of meadow-swampy soils and solonchaks. The photo-
image tone of solonchaks is bright white, for solonetz soils -- light
gray, for meadow-solonchak-like soils -- dark gray, for meadow-swampy
soils -~ dark gray or almost black.

In microphotometric measurements of a space photograph of the territory of

Altayskiy Kray, on the basis of the nature and shape of the spectral curve

there is reliable discrimination of chestnut soils and soddy-podzolic
- sandy soils. Sharp peaks of optical density make possible a clear inter-
pretation of unconsolidated sands subject to deflation. Areas of chestnut
and southern chernozems differ from one another due to some decrease (by
0.5-0.7) in the optical density of the latter. Fields with different ag-
ricultural crops have a different optical density and in microphotometric
measurements a characteristic shape of the curve for each field is obtain-
ed (Fig. 21).

A light mechanical composition of chestnut soils (sands and sandy loams) was
also determined from the photoimage of the space photograph; sectors of
soll subjected to wind erosion stand out especially clearly.

In a soil-agricultural regionalization of a territory it is possible to
use small- and medium-scale space photographs. Using space photographs of
the territory of the dry steppe zone of the northwestern part of Kazakh~
stan, obtained during the spring of 1973, we made a study of the soil
cover. The interpretation criteria for these soils are given in Table 25.
An analysis of the characteristics of the photoimage indicated that using
a space photograph, as a result of its extensive coverage and optical
generalization, it was possible to determine the principal soil-geograph-
ical patterns of this natural region.

- The ~ntire territory, on the basis of the photoimage of the soil cover on
a space photograph, was subdivided into five major soil-geographical re-
glons. We will now examine the peculiarities of their photoimage.
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Fig. 21. Microphotometric profile obtained from space photograph from "Sal-
yut" orbital station. Soils: S$S§ er -- soddy-slightly podzolic and soddy- -
slightly podzolic eroded sandy soilsj S% -- soddy slightly podzolic sandy
solls; C —— chestnut soils; chSc —- soﬁlhern chernozems and chestnut
soils; CSg-- steppe chestnut and solonetz soils. The fields with a "V"
are fallow; - - are plantings of grain crops; symbols: « —- cornfields;
+ —- perennial grasses; X —- deflated sands.

The first region is characteristic for the territory of an undulating-
sandy plain consisting of dark chestnut sandy loam and meadow-chestnut
solonetz-like soils. The image of these soils is characterized by a moiré
pattern with a light gray and gray tome. The soils are of a light mechan-
ical composition. Considerable areas are occupied by virginland vegeta-
tion. This region is characterized by the presence of a great number of
small lakes whose marginal parts are salina and meadow solonchaks. Against
the gray image background of steppe expanses they are clearly interpreted
from the almost white image tone.

The second soll-geographical region takes in the territory of an ancient

runoff trough with a complex soil cover which is represented by dark -
chestnut solonetz-like, meadow-chestnut solonetz-like soils, steppe solon- _
etz and meadow-steppe soils. On a space photograph this soil cover shows

up in a complex, sharply defined pattern of a light gray, gray and dark

gray tone. It is particularly clearly expressed in cultivated sectors

with a direct representation of the soil cover.

The third region is the principal agricultural region. On the photograph

it was interpreted from the clearly visible squares of fields, having dif-

ferent tonality in dependence on the nature.of soil processing. This is a

territory of plateaus with dark chestnut calcareous and meadow-chestnut

calcareous soils associated with swales. In the territory of plateaus

the number of swales with meadow-chestnut soils increases sharply in the

direction from northeast to southwest. The plateaus drop off eastward in -
a steep scarp in the direction of the Turgayskaya depressionm.’
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Fig. 22. Space photographs taken from American meteorological satellite
(ITOS-D) NOAA-2 in April 1973 using two-channel radiometer from an alti-
tude of 1,460 km (scale about 1:10,000,000) in visible (0.5-0.7\m) (at
left) and IR (1C.5-12.5um) (at right) spectral ranges: 1) Caspian Sea;

2) Caspian Lowland with gray-brown desert sandy soils; 3) valley and delta
of Ural River with light chestnut, meadow-chestnut solonetz-like and al-
luvial soils; 4) Ustyurt Plateau with gravelly gray-brown clayey and heavy
clayey loam desert soils; 5) solonchak-salina of Kara-Bogaz-Gol Gulf.
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- On the space photograph it 1s easy to see this transition from plateau to

A hichly eroded slope. The soill cover of the fourth region is represented
by dark chestnut solonetz-like eroded, meadow~chestnut solonetz-like and
solonchak-like soils, as well as meadow-steppe solonetz soils, On the
photograph the photoimage of the soil cover has a complex serrated den-

! dritic pattern of a light gray and gray tone with a great number of ero-
sional troughs, rills and erosiopal remnants. With respect to tonality

: the soil cover is characterized by considerable mottling. Small areas

- form insular sectors of pine forest having a dark gray photoimage tone.
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South of the plateau there is an extensive ancient runoff trough (fifth
region). The space photograph clearly conveys the basic NE-SW trend of
the sandy ridges and interridge depressions and the direction of the
numerous lakes in this part of the territory. Dark chestnut sandy soills and
solonchaks have been formed here. There are sectors of deflatable sandy
masses. On the photograph this natural region shows up in a clearly ex-
pressed moiré pattern with light gray and gray tones. The solonchaks have
an almost white tone. The transitional sector of lands from the ancient
runoff trough to the plateau on the space photograph has a gray and

dark gray tone of a large-spotted pattern. Dark chestnut solonetz~like,
meadow~-steppe solonetz and meadow-solonetz-like soils have developed here
under virginland wormwood-sheep's fescue vegetation.

Thus, on a space photograph of the dry steppe zone during the period of a
spring survey there was reliable determination of: a) dark chestnut cal-
careous and meadow-chestnut calcareous soils of plateaus; b) dark chest-
nut sandy loam and meadow-chestnut solonetz-like soils of an undulating
sandy plain; c) complex soil cover of an ancient runoff trough, repre-
sented by dark chestnut solonetz-1like, meadow-chestnut solonetz-like and
steppe and meadow-steppe solonetz soils; d) amidst the complex soil
cover, on the basis of a light tone, areas of steppe solonetz soils, on
the basis of a dark gray tone —— areas of meadow and meadow-chestnut solon-
etz-1like soils; e) eroded sectors of the soil cover, represented by dark
chestnut solonetz-like eroded soils and meadow-steppe solonetz soils; £)
dark chestnut sandy soils; g) solonchaks.

The possibility of interpreting the soil cover of the desert zome from
space photographs will be examined on the basis of materials obtained from
the "Soyuz-9" and "Soyuz-12" spaceships and the "Salyut-4" orbital station
for territories adjacent to Kara-Bogaz-Gol Gulf and also from the American
satellite "NOAA-2," which from an altitude of 1,460 km, employing a two-
channel radiometer, probes the soil cover in the visible (0.5-0.7rlm) and
IR (10.5—12.5P_m) spectral zones. '

A comparative analysis of these photographs, made in the course of our in-
vestigations, indicated the following. The photographs taken in the vis-
ible and IR ranges clearly show the Caspian Lowland with gray-brown des-
ert sandy soils. On the first photograph (Fig. 22, at left) it appears as
a nonuniform pattern of a light gray and gray tone with bright-light areas
of solonchaks in the neighborhood of Mertvyy Kultuk and Kaydak salinas

and in the coastal part of the Buzachi Peninsula.

On an IR photograph the lowland has a dark gray homogeneous tone, against
which as 1light gray sectors and small spots it is easy to discriminate

- coastal solonchaks and the El'ton, Bizkumchak and other salt lakes. On a
photograph taken in the visible range these lakes virtually merge with
the surrounding territory. In addition, on this photograph the northern
boundaries of Ryn sands are sharply defined in the northwest adjacent to
Khaki salina; the valleys and deltas of the Volga and Ural with alluvial
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Fig. 23. Space photograph of western part of Ustyurt Plateau and Kara-Bogaz-
Gol Gulf and interpretation of soil cover from it. Scale 1:2,500,000. Sur-
vey made from "Soyuz-9" spaceship in Jume 1970. Soils: 1) gray-brown solon-
chak-1ike, clayey and heavy clayey loam desert soils; 2) gray-brown solon-
chak-like and leached (elutriated) desert soils; 3) gray-brown solonetz-
like, clayey and heavy clayey loam soils; 4) gray-brown solonchak-like,
takyr~solonetz~like, leached (elutriated), heavy clayey loam with high gyp-
sum content; 5) mountain gray seile; light gray soils and light gray soils
and solonetz-like, clayey loam and eandy loam light gray soils; 6) ridged
semiconsolidated sands and solonchaksj 7) gray~brown solonchak-like sandy
loam desert soils, hilly-ridged ;semiconsolidated sands and solonchaks; 8)
salina solonchaks; 9) meadow solonchaks.

soils. The considerable solonetiidit"y'of the light chestnut and meadow-

chestnut soils situated along the Ural valley is expressed in a uniform gray
tone of the photoimage of these ‘areas. On an IR photograph these pecullar-
ities of the soil cover are not ‘traced or are interpreted with difficulty.
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Fig. 24. Space photograph of territoi:y adjacent to Kara-Bogaz-Gol Gulf,
- Survey from "Salyut-4" in June 1975. Scale 1:2,500,000.

At the same time, using an IR photograph, it is considerably easier to de-
termine the boundary between the Caspian Lowland and the Ustyurt Plateau
with gravelly gray-brown clayey and heavy clayey loam desert soils (Table
26). Against the general homogeneous gray image background of the soil
cover over the territory of the Ustyurt Plateau the presence of spots of
a dark tone makes it easy to interpret depressions occupied by solonchaks
and gray-brown solonchak-like sandy loam desert soils and hilly semicon-
solidated sands.” An analysis of a space photograph taken in the IR spec-
tral zone also indicated that the sandy soils of the Krasnovodskoye Plat-
eau and Karakum sands show up in a dark gray tone similar to the image of
the Ryn sands and the sandy expanses of the Caspian Lowland,

Accordingly, the completeness and quality of interpretation of the soil
cover from space photographs increase with the use of photographs taken
in the visible and IR ranges simultaneously.,
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Fig. 24a. Interpretation of territory adjacent to Kara-Bogaz-Gol Gulf
from space photograph. Soils: 1) mountain cinnamon; 2) mountain gray

gsoils (dark gray soils); 3) light gray soils on detritus of limestones;

4) 1light gray soils on ancient clays; 5) light gray soils, medium and
slightly clayey loam; 6) light-gray soils and-typical gray solls; 7) typical
gray soils; 8) "blended" saline gray soils; 9) takyrs; 10) takyr-like des-
ert soils; 11) desertified solonchaks and takyrs; 12) takyr~iike desert
soils, takyrs and solonchaks; 13) typical gray-brown soils, solonchak-
1ike, with high gypsum content, takyr-solonetz-like; 14) solonchak-like
gray-brown soils; 16) typical gray-brown scils and solonchaks; 17) gray-
brown solonchak-like soils and solonchaks; 18) swampy solonchak-like soils
- and solonchaks; 19) marsh solonchaks; 20) solonchaks; 21) sands on Paleo-
' : gene and more ancient rocks; 22) coastal sands on Novokaspiyskiye depos-
its; 23) sands on Pliocene ancient alluvial deposits; 24) ridged sands and
solonchaks; 25) skeletal soils. [Symbol 15 not identified in originall]
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- Fig. 25. Space photograph of territory of southwestern part of Africa (Na-
mib Desert). Scale 1:1,000,000, Survey made in autumn (August) from the
"Gemini" spaceship. Soils: 1) gravelly-rocky tropical deserts; 2) sandy-
gravelly tropiczl deserts; 3) deflatable ridged sands and semiconsolidated
sands; 4) solonchak-like sandy soils and solonchaks; 5) alluvial delta
soils; 6) mountain reddish~brown desertified savannas.

On a photograph (scale 1:2,500,000) taken from aboard the "Soyuz-9" space-

ship it was easy to see the salt deposits of the Kara-Bogaz-Gol Gulf and
- the nature of the soil cover in the western part of the Ustyurt Plateau
(Fig. 23). In a genetic interpretation of the photograph we used a soil
map of Central Asia (scale 1:2,500,000). In a microphotometric study of
this photograph on the basis of the nature of the curve and quantitative
indices of optical blackening density of the film there was reliable dis-
crimination of gray~brown solonchak-like desert soils and gray-brown
solonetz-1like soils and solonchaks,
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The plateau drops off in steep denudation scarps (chinky) toward the Kara-
Bogaz-Gol; these features are clearly visible on space photographs. On the
photograph a high percentage of the Ustyurt Plateau has a homogeneous gray
photoimage tone. Gray-brown desert solonchak-like, takyr-solonetz-like,
leached (elutriated) soils and soils with a high gypsum content are formed
here under wormwood-Russian thistle, wormwood-biyurgunova and wormwood-
bayalyna vegetation.

Using space photographs it is easy to see the difference between the soil

cover of the Mangyshlakskoye and Krasnovodskoye Plateaus. North of the Kara-

Bogaz-Gol, in the territory of the Mangyshlakskoye Plateau, on the basis

of the gray and dark gray photoimage tones it was possible to interpret

gray-brown desert solonetz-like and solonchak-like, frequently gravelly v

soils predominantly of a heavy mechanical composition (Table 27). A bright-
- light tone corresponds to depressions without external drainage with solon-

chaks. On the eroded sectors of plateaus there are exposed bedrocks: clays,

limestones, gypsums. On the photograph these places can be detected from

the serrated-striated photoimage pattern. These characteristics of the

soil cover of the Mangyshlakskoye Plateau are especially clearly interpret—
- ed from a color space photograph taken from the "Soyuz~12." L. N. Kulesh-

ov, et al. (1977) also examined the possibilities of interpretation of

soils in the territory of the Mangyshlakskoye Peninsula.

- The soil cover of the Krasnovodskoye Plateau is characterized by the wide-
spread development of gray-brown sandy and sandy loam soils. Here it is
y common to encounter sectors of hilly and ridged, poorly consolidated and
deflatable sands. Takyrs and solonchaks are formed in depressions. A pho-
tograph of the soil cover of this territory shows a mottled spotty-tongue-
like pattern of a gray, light gray and light tone. Difficulties in inter-
pretation of the soil cover from space photographs are attributable to the
: presence of cloud cover. We made a still more detailed interpretation of
the soil cover in this territory from a photograph (scale 1:2,500,000)
taken from the "Salyut-4" (Fig. 24, 24a).

We will also examine a photograph of the desert zome taken from the "Gem~
ini" spaceship and characterizing the photoimage of the soil cover. The
space photograph (Fig. 25) covers the territory of the Namib Desert ad~
jacent to the coast of southwestern Africa. We used a soil map of Africa
in its interpretation.

kodedkedek
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On the basis of tone and type of photoimage the photograph is clearly sub-
divided into three major regions. The upper part of the photograph covers
the southern part of the Damaraland Plateau and there are mountain red-
brown soils of savannas and reddish-brown desertified savannas. The photo-
image tone of these soils is gray or dark gray with a characteristic ridg-
ed-dislocated type of structure. The middle part of the photograph has a
light tone of a uniform pattern typical for the image of gravelly-rocky
soils of tropical deserts. The photograph shows a very sharp contrast be-
tween a sector of gravelly-rocky and sandy deserts., The sandy part of the
Namib Desert on the photograph has a gray tome of the photoimage and a
dune-ridge type of structure characteristic for deflatable and semiconsol-
idated sands. The space photograph shows that the extent of the sand ridges
can attain even several hundreds of kilometers.

An investigation of the interpretability of the soil cover from space pho-
tographs of the desert zone indicated that due to the good exposure of the
soil surface the effect of soil identification in this zone is high. On
space photographs the soil cover of the desert zone is interpreted more pre-
cisely and more completely than for the steppe zone.

A space survey makes it possible to monitor the state of soils and their
modification under the influence of irrigation and also identify areas of

‘'secondarily saline soils. On space photographs it is rather easy to deter-

mine irrigated lands of the semidesert and desert zones from the sharply
differing coloration of moist irrigated and dry soils. In the future, using
data on changes in the depth of soil and ground water, plans call for de-
termining the times for the carrying out of irrigation and the quantity of
water necessary for the cultivation of agricultural crops.

Using a space photograph (scale 1:1,500,000) taken from the "Salyut-1"
after considerable enlargement it was possible to distinguish an irriga-
tion system from the water intake to the water outlet (Sheyko, 1975). In
part it was possible to see the main canal, along which a dark gray band
with rounded (festooned) edges corresponds to sectors with the soil~-ground .
water at a shallow depth. ’ '

A space photograph at a scale of 1:1,500,000, taken from an altitude of
300 km from the "Gemini-5" spaceship, clearly shows the fertile old irri-
gated lands of the Tigris and Euphrates valleys. The.highly dissected
folded limestone-marly chains of the Zagros Mountains adjoin them on the
east. A marked periodic increase in the mass of water in the lower reach-
es of the Tigris results in floods and the development of a hydromorphous
landscape with alluvial-swampy and solonchak-swampy soils. On a color pho-
tograph swampy areas have a dark blue color and diffuse, amebalike boun-
daries. The dessicated saline bottoms of lakes and swampy sectors are de-
termined from the lighter color of the salt crust image on their surfaces.
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A study of the natural wealth and proper use of river deltas in agricul-
tural production is of great importance. River deltas, being some of the
recent formations on our planet, make possible direct observation of the
formation of the earth's present-day surface.

We determined the characteristic delta structure of alluvial irrigated
soils from the next photograph, taken at a scale of 1:700,000 (Fig. 26).
This space photograph covers a considerable part of the Nile delta and
adjacent territories with soils of the subtropical deserts. Irrigated
soils were represented by a dark gray tone, against whose general back-
ground it was easy to detect the meandering chanmel of the Nile River.
The photoimage of the sandy and gravelly-rocky soils of the subtropical
deserts surrounding the delta has a gray and light-gray tone with a char-
acteristic complexly dendritic pattern —- the image of numerous dry wadis.
For the territory of Ethiopia, using the photographs it is also possible
to determine the soil-plant cover of the valleys and deltas with maximum
detail,

On a space photograph of the territory of Central Asia, taken from the
"Salyut-4" (scale 1:2,500,000), we interpreted the present-day delta of
the Amudar'ya delta, and also with cartographic accuracy, amidst the sands,
on the basis of the delta form and pattern of the photoimage of different
tonality, it was possible to see several ancient deltas of this river (Fig.
27, 27a).

- On existing soil maps there are no representations of soil areas of an-
cient deltas. With respect to genesis, the soil cover of these ancient
delta territories (desert takyrlike soils, solonchaks) is sharply differ-
ent from the genesis of the sands surrounding them. With respect to tome,
pattern and image contrast on the photographs the sectors of the ancient
deltas of the Amudar'ya are nonuniform and differ with respect to age of
formation. This makes it possible to detect the age of formation of the
soil cover of these territories.

kkkkk
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Fig. 26. Space photograph of territory of northeastern piart of Africa (Nile
) delta). Scale 1:700,000, Survey made from spaceship "Gemini." Soils: 1) al-
B luvial irrigated soils of delta (main canals are visible); 2) sandy soils
' of subtropical deserts; 3) pebbly-rocky soils of mountainous areas of sub-
tropical deserts.

A space survey, in comparison with an aerial survey, is characterized by
a rapidity in the collection of data for extensive regions of the earth.
The period of revolution of different space vehicles around the earth is
about 90-100 minutes. During a 24-hour period the Soviet system of the
"Meteor" artificial earth satellite type is able to take photographs of
half the earth. The television cameras ‘of artificial earth satellites of
the "ITOS-2" type daily transmit up to 140-150 images of the earth's sur-
face, Computations made in the United States show that in a survey from
space the entire territory of the country can be represented on 400 photo-
graphs. In order to carry out this work it is necessary to have about 17

- days instead of 10 years of work with an ordinary aerial survey. The rap-
idity of obtaining space materials covering great areas and obtained at
one survey time is of great importance for the comparative study of opera-

- tion of irrigation and drainage systems for individual basins and as a
whole for determining the nature of the soil cover of different natural
landscapes, etc.
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Fig. 27. Space photograph of the delta of the Amudar'ya. Survey from the
i "Salyut-4" in June 1975. Scale 1:2,500,000. 1) modern delta of the Amudar'-
ya; 2) ancient delta of the Amudar'ya.

Thus, space photographs can be used in determining the resources of irri-
gated and saline lands, for clarifying the nature of moistening and change
in soils under the influence of irrigation measures, and for determining
the areas of secondary salinization. N

Agricultural Interpretation of Space Photographs

Space photographs can be successfully used for ascertaining the use of
soils, clarifying the condition of agricultural crops and determining

their crop yield.

. On black-and-white space photographs of the steppe zone of Kazakhstan and
) Altayskiy Kray taken from the "Salyut-1", on the basis of the different
image tone and structure there was relisble determination of plantings of
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Fig. 27a. Soil cover interpretation of Amudar'ya delta region from space
photo f£rom "Salyut-4" in June 1975. Soils: 1) gray-brown typical and solon-
chak-like gravelly soils; 2) gray-brown typical clayey loam and light clayey
loam soils; 3) gray-brown solonetz-like soils; 4) gray-brown solonchak~like
soils; 5) gray-brown typical and solonchak-like soils; 5) gray-brown typical
and solonchak-like soils; 6) gray-brown solonetz~like and solonchak-like
goils; 7) gray-brown solonetz-like soils and solonchaks; 8) gray-brown sol-
onchak-1ike soils and solonchaks; 9) gray-brown typical and solonetz~like
soils; 10) desert takyr-like soils; 11) desert takyr-like soils and solon-
chaks; 12) desert takyr-like solonchak-like soils, takyrs and solonchaks;
13) desert takyr-like solonchak-like soils and solonchaks; 14) sands on
Paleogene and more ancient rocks and solonchaks; 15) sands on Pliocene an-
cient alluvial deposits; 16) sands on Pliocene Quaternary alluvial deposits
of Amudar'ya and desert takyr-like solonchak-like solls; 17) sands and des-
ert takyr-like soils; 18) sands on Paleogene and more ancient rocks and des-
ert takyr-like soils and takyrs; 20) desert takyr-like soils, takyrs and
solonchaks; 21) desert takyr-like soils, takyrs, sands and solonchaks; 22)
desert. takyr-like solonchak-like soils and solonchaks; 23) takyr solonchak-
like soils and solonchaks; 24) solonchaks; 25) solonchaks and sands; 26)
marshy solonchaks; 27) meadow and swampy saline and nonsaline floodplain
soils; 28) swampy saline and nonsaline floodplain soils; 28) swampy saline
and nonsaline floodplain soils; 29) old irrigated meadow and old irrigated
saline soils; 30) old irrigated meadow saline soils and solonchaks.
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agricultural crops (Table 28). The reliability of interpretation for dif-
ferent crops was different, For example, fields with perennial grasses
= are interpreted reliably from the dark gray, almost black tone, the rec-
tangular form of the units with distinct boundaries and a homogeneous pat-—
tern. Grains (wheat, barley, oats) have a similar gray image tone. Fields
with grain crops are clearly interpreted on a plain and somewhat less
clearly in the foothill zone, where with respect to phototone they merge
with mountain pastures. Fields with corn show up in a dark gray tone but
- are not always interpreted because with respect to photoimage they are
- close to pastures. Fallow fields, having a light gray tone, of a homogen-
eous or spotty structure, are reliably interpreted, but with respect to
tone coincide with the generalized photoimage of solonetz soils.

"In carrying. out our investigations from a space photograph of the terri-
tory of Northwestern Kazakhstan with dark chestnut calcareous and meadow-
chestnut calcareous soils it was possible to determine the nature of agri-
cultural workdiry of the fields. The survey was carried out on 30 April
1973 prior to 'the carrying out of spring field work over this territory.
Accordingly, the different working of the soils in 1972 was reflected on
the photographs. Ninety-four fields were subjected to visual-instrumental
interpretation using a "Kvantimet-720" image analyzer and subjected to
field checking.

On the basis of the different photoimage tone (Table 29) for the soil sur-
face 1t was possible to have reliable discrimination of fields in which
there was bare fallow during 1972, These fields accumulated the greatest
quantity of moisture during the summer-autumn period of 1972 and the early
spring period of 1973 and on the photographs appeared in a gray tone (av-
erage level of the gray tone 36-41). A light gray tone (39-44) was char-
acteristic of fields in which during the autumn there had been deep loos-
ening of the soil to 25-27 cm., During the autumn and early spring periods
these fields also accumulated considerable quantities of molsture, but
less than in fallow sectors.

A light tone (43-48) corresponds to fields in which in the autumn of 1972
there was scuffling by cultivators-cutters to a depth of 8-12 cm, Final-

= 1y, the lightest image (46-52) on space photographs was characteristic of
space photographs of unworked fields in which the stubble of grain crops

- remained in autumn. In an analysis of the photoimage of the two latter

’ fields it 1s necessary to take into account not only the nature of the

molstening, but also the state of the soil surface (rough, smooth) and
especially the presence of stubble on its surface. On space photographs
at a scale 1:2,500,000-1:1,000,000 taken from the "Salyut=-4," on the basis

- of different tone we reliably determined plantings of agricultural crops.
In the territory of the Saratovskoye Povolzh'ye, where three farms were
subjected to field checking and 146 fields were taken into account, from
a space photograph for the summer survey period (June) it was possible
to discriminate the following sown areas and land uses. A light, almost
white photoimage tone was characteristic of infrequent fields with plant-
ings of winter rye and winter wheat; light gray tone corresponded to
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fields with melon crops and filelds with three~level plowing of the soil;
gray tone corresponded to spring wheat, barley, oats and grazing sectors;
dark gray tone corresponded to corn, sunflower and alfalfa; on the photo-
graphs an almost black tone corresponded to irrigated alfalfa and forested
sectors.

On space photographs of the steppe zone of the Ukraine (Khersonskaya Ob-
last), where two farms were field checked and 137 fields were taken into
account, the following crops were determined for the summer survey period.
A light, light gray tone corresponded to numerous fields of winter wheat;
a gray tone corresponded to spring crops (barley, ocats) and sectors of
pasture; a dark gray tone corresponded to corn, sunflower, alfalfa and
sectors of clean fallow; fields with irrigated alfalfa corresponded to an
alwost black tone of the photoimage.

A comparative analysis of the photoimage of agricultural crops on space
photographs (same survey season) of these two soil-geographic regions of
the steppe zone of the European territory of the country indicated their
similarity. With the availability of a small number of key sectors this
makes possible a routine and reliable determination and prediction of the
types and state of development of the main agricultural crops from space
photographs for a definite soil-agricultural zone.

- In two space polygons in the United States, located in South Dakota and
Arizona, the problems involved in the interpretation of sown areas and
their condition is the emphasis of a scientific program in the field of
agriculture. For example, in the South Dakota polygon the materials from
joint surface investigations, aerial survey data and data obtained from
space satellites or orbital stations (of the ERTS and "Skylab" types) have
been used for the following purposes: a) estimation of the yield of agri-
cultural crops; b) estimation of the productivity of pastures for domes-
tic cattle; c) establishing a relationship between soil fertility, moisture

- content and local topography.

On one of the space photographs of the Imperial valley in California (in
the United States), taken during flight of the "Apollo-9" spaceship on 12
March 1969 from an altitude of 240 km for the purpose of studying re-

- sources and-including for the identification of soils and agricultural
land use in the territory of the Unitéd States and Mexico, the agricultural
irrigated fields have a bright red color on the photograph in the United
States, but similar territories in Mexico with a high percentage of idle
and saline lands with a reddish-greenish~dark blue color.

Agricultural fields of the irrigated Imperial valley show up most clearly
and graphically. Depending on the type of agricultural crops the fields
show up in a red color (from light orange-red to blue-red). Sugarbeet and
alfalfa filelds not yet harvested at the time of the survey appear in a
bright red color..Groves of citrus crops are characterized by a darker red
"muffled” tone. A'light blue and bluish-green hue corresponds to fields of
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harvested cotton. On the photograph, in an irrigated zone amidst the ag-
ricultural fields, it is easy to see dams, water bodies, main and secondary
irrigation canals.

One of the important characteristics of use of space materials for agricul-
tural purposes is the possibility of a rapid repetition of the survey.
This problem is successfully solved by employing photoelectronic space
methods for collecting information on soil-agricultural phenomena. The
routineness of space information is important for judging rapidly develop-
N ing dynamic processes transpiring at the earth's surface. For the first
time by means of repeated surveys from space it was possible to judge
simultaneously the nature of snow melting over enormous areas of the
earth and the development £ the processes of erosion and distribution of
seasonally and repetitively sé@ine soils.,

The routine data regularly received from artificial earth satellites are es-
pecially necessary for determining the condition of agricultural fields,

for checking plant diseases and the distribution of pests afflicting ag-
ricultural crops, as well as for determining the areas of dead crops and
field weediness.

The availability of routine space information on the phases of development
and condition of agricultural crops will make it possible to predict their
yield and make a more precise determination of the calendar plan for carry-
ing out agricultural work.

American specialists feel that due to the differences in the image of plant-
ings of different crops (soy beans, corn, winter wheat, rice, cotton, etc.)

ERTS photographs have potentialities for routine computation of the
yield. For this purpose a semiautomated system for the processing of space
photographs is being developed for the solution of agricultural problems.
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Chapter 6

CHARACTERISTICS OF INTERPRETATION OF SOILS AND SOWN CROPS FROM

MULTIZONAL AERIAL PHOTOGRAPHS

The use of multizonal photographs has now been initiated in the search
for an increase in the informatien capacity of aerial and space materials
for the study of natural resources, including the soil cover and agri-
cultural crops. This type of survey is based on obtaining an image of
the soil cover and agricultural crops simultaneously in several narrow
spectral zores. As a result, for soil and agricultural interpretation

as interpretation criteria it is possible to use the differences in spec-
tral brightness of different soils and agricultural crops.

In the visual-instrumental interpretation of multizonal photographs use
was made of the following elements of the image of soils and sown crops:
1) spectral (difference in image tone :a different spectral zones); 2)
textural (distribution of tonal variations within the limits of one zone);
3) landscape (relationship between soil characteristics and the environ-
ment). A study and registry of these image elements, especially the first
two, will make it possible in the future to approach the machine process-

ing of photographs.

It is possible to obtain images by detectors having different spectral re-
sponse in the optical, thermal and radio ranges of the electromagnetic
spectrum, However, during recent years a multizonal survey in the optical
range in the visible and near-IR spectral regions has been developed to

the greatest degree.

In our country in the mid-1930's the studies of V. A. Faas (1936) laid the
basis for a multizonal survey. Later fundamental investigations in the

. spectral classification of different natural features, including soils,

- were made by Ye. L. Krinov (1947). An important stage in the development
of a multizonal survey was the work of A. N. Iordanskiy (1967) for creat-
ing a series of spectrozonal films. A considerable influence on the de-
velopment of a multizonal survey of the earth's surface was exerted by
the work of the Aerospace Methods Laboratory of the Geography Faculty
Moscow State University, where the first special multiobjective survey

camera was constructed in the late 1950's.
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Multizonal scamner systems appeared later., In 1973 a multispectral scann-
ing system (MSSS) and a digital videorecording unit were employed in the
study of natural resources (Khodarev, Avanesov, et al., 1974). The "Foto-
skaner-4" was used in the surveying of geological features; it operates
in the ultraviolet, visible and infrared spectral zones (Apostolov, Seldi-
vanov, 1974).

The use of multizonal materials is affording additional new possibilities
for a more complete and objective interpretation of the soil cover and
plantings of agricultural crops.

Various studies (Andronikov, 1976, 1979; Andronikov, Sinitsina, Shershu—
kova, 1975, 1977; Afanas'yev, et al., 1978; Vinogradov, 19763 Vinogradov,
Glushko, 1976; Garelik, et al., 1976; Zonn, 1977; Knizhnikov, Kravtsova,
1976; Labutina, Chechneva, 1976; Miroshnichenko, et al., 1977; Tolchel"-—
nikov, Chukov, 1977) examine the problems involved in the use of multi-—
zonal photographs for the study of natural resources, including for the
identification of soils and agricultural crops.

As an interpretation criterion for multizonal images in a microphotometxic
analysis use is made of .both the absolute optical density and the diffexr-
ence in optical densities, measured at the boundary of two adjacent fea—
tures. In this case the basis for a successful interpretation of soil-ag-
ricultural features is the different degree of expression of their boun—
dary contrast on photographs taken in different zones of the electromag-—
netic spectrum. The absence or poor (unreliable) presence of a boundary
contrast on the films of one zone and its appearance on £films of other
spectral zones considerably increase the reliability of interpretation of
soils and agricultural crops, including such an important index as yield.

The possibility of determining agricultural crops and soils was compared
for the territory of the United States using IR color and multizonal
black-and-white films., The correct identification of alfalfa fields from
color infrared films was 707, when black—-and-white films were used -~
407%; for barley fields the corresponding values were 69 and 62%; for
sugarbeet fields —- 70 and 90%; for plowed fields -~ 64 and 82%; for
saline soils (solonchaks) ~-~ 67 and 89% (Leamer, Weber, Wiegar’, 1975).

A multizonal aerial survey of the soil cover was made in southeastern Eng-
land in four spectral ranges -- from blue-green (0.4-0.5 m) to IR (0.7-
0.9}Am) at a scale of 1:15,000. Photographs in the red zone surpassed
photographs taken in the blue and green spectral zones with respect to
information yield (period May through July). The July photographs con-
tain more information than June photographs, but the best results for the
study of soils were obtained from aerial photographs taken in March-

April (Evans, 1975).

In . .r investigations for st‘iidy of the possibilities of interpretation of

soils and agricultural crops we made use of multizonal photographic aer—

ial phntographs for the territory of the steppe and dry steppe zones and
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multispectral aerial photographs for the desert zone. The “Kvantimet-720"
image analyzer was used in an analysis of the photographs and films and
quantitative measurements of the level of the gray tone of the photoimage
of the soll cover, agricultural crops and virginland vegetation,

Interpretation of Multizonal Aerial Photographs of Steppe Zone

The territory of an experimental sector of the Central Russian Highland
was a reference area for the steppe zone in which the testing of aero-
space methods for the study of soils and agricultural crops was carried
out. This sector was selected as an experimental area for study of nat-
ural and anthropogenic geosystems of the central part of the wooded
steppe on the Russian plain (Gerasimov, Grin, 1976).

At the present time all the lands convenient for agriculture in this zone
are cultivated (cultivated area more than 70%) and the natural vegetation of
the meadow steppe has been preserved only in individual sectors with ad-
jacent forests.

The relief of the investigated territory of the Central Russian Highland
is erosional. The water divides have a slightly convex surface. The
ravines are sodded. The soll-forming rocks are represented by calcareous
loess-like pulverized clayey loams., The soil cover consists of thick cher-
nozems which can be assigned to typical and leached subtypes and meadow-
chernozem soils, Typical and leached chernozems have the widest occurrence
on the water divide plateaus and slopes and replace one another at close
distances. Calcareous excavated chernozems —— hillocks at the mouth of
marmot burrows -- occur widely, Podzolized chernozems are rarely encoun-
tered and are developed in the upper part of gullies and ravines where
the soils receive additional moistening., Meadow-chernozem soils are asso-
clated with microdepressions and the bottoms of steppe ravines. Alluvial
meadow, moist meadow and meadow~swampy soils are formed on the floodplain
of the Seym River.

In 1973 a multizonal aerial survey of this territory was carried out in
the second half of September when grain fields were harvested and sprouts
of winter wheat appeared and a great number of fields were free of sown
crops. Among the different survey zones of the electromagnetic spectrum,
in the interpretation of 1973 we used the green zone with sensitivity
maxima at (520 nm), yellow-green (560 nm), red-orange (610 nm) and near—
IR (840 nm). Three zones were selected for subsequent analysis: green, red,
IR, having the greatest contras:s with one another in the image of soils
and sown crops. ’

Data from visual-instrumental interpretation of the soil cover, principal
agricultural crops and virginland vegetation from multizonal photographs
(Fig. 28, A, B, C) are given in Table 30.
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Fig. 28. Photoimage of soil cover and agricultural crops on multizonal pho-
tographs of experimental sector of steppe 2zone. Early autumn survey period.
Spectral zones: A) green; B) red; C) IR, 1) fall plowing of soil (typical,
leached and excavated calecareous chernozems on watersheds and meadow-chern-
ozem soils in longitudinal troughs); 2) stubble of grain crops; 3) winter
wheat prior to appearance of sprouts (typical, leached and excavated cal-
careous chernozems on watershed, weakly eroded on slopes and meadow-cherno-
zem soils in troughe); 4) winter rye — sprouts (typical, leached and exca~-
vated calcareous chernozems on watershed, slightly eroded on slopes and
meadow-chernozem soils in longitudinal troughs); 5) sugarbeets (before
harvesting) (typical, leached and excavated calcareous chernozems on water-
sheds and meadow-chernozem soils in swales); 6) corn (harvest time); 7)
corn (stubble); 8) virginland vegetation; 9) perennial grasses; 10) ravines
(me~dow—chernozem soils).
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During the autumn period a number of fields are plowed and the soil sur-
face shows directly on the aerial photographs. In these fields, from pho-
tographs in the green and red zones, with an adequate degree of assurance
it is'poseible to interpret typical and leached chernozems and calcareous
material excavated from meadow-chernozem soils with a sufficient degree
of reliability in the green and red zones. These cannot be interpreted in
the IR zone (840 nm). In this zone the difference in the level of the
gray tone is virtually equal to zero.

Fields with the stubble of grain crops are reliably discriminated from
freshly plowed fields with a direct image of typical, leached and calcar-
eous excavated soils in all zones, but especially the red. Whereas fields
with winter crops in the sprouting phase also have a good boundary con-
trast in all zones, except for the IR, sugarbeet fields in the green and
red zones differ slightly with respect to the level of the gray tone and
‘show up very sharply from an almost white tone in the IR zone. The inter-
pretation of meadow-chernozem Soils formed in microdepressions through
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plantings of sugarbeets was possible from photographs sensitive to the
green spectral zone. Against the image background of winter crops (sprout—
ing phase) meadow-chernozem soils in depressions were successfully inter-
preted from photographs in the green and also in the red spectral zones.

On the floodplains of steppe rivers on the basis of the image of meadow
and meadow-swampy vegetation in all spectral zones it was possible to
interpret alluvial meadow and meadow-swampy soils.

The interpretability of agricultural crops (difference in levels of gray
tone of individual fields) is different for different spectral zones. The
sharpest difference between winter crops (sprouts) and sugar beets can be
seen in the IR zone (41-47 units versus 3-10 in the remaining spectral
zones). This pattern, but with a lesser contrast, is characteristic for

- fields of corn, millet and perennial grasses.

The photoimage of winter crops (sprouts) is characterized by a gray image
tone in the red and green spectral zones and an almost black tone not dif-
fering from the image of plowed soils in the IR zone.

Sectors of virginland vegetation (virgin steppe) were reliably determined
= on photographs in the red zonme on the basis of a light gray tonme, whereas
the steppe, after hay mowing, is characterized by an almost white tone
(similar to the image of sugarbeet fields) in the IR zone of the electro-
magnetic spectrum.

TIn 1974 a multizonal aerial survey was carried out in the late autumn per-
f{od —— in mid-October. This is the time of maximum plowing of the fields
and development of winter crops (tillering phase). Data from a visual-
instrumental interpretation of the soil cover, agricultural crops and
virginland vegetation are given in Table 31. In 1974 a survey was made

in four spectral zones: green (520 nm), red (610 and 690 nm) and IR (840
nm). The red zone photographs had a uniform image and the zone 690 nm re—
mained for analysis.

The surface of plowed typical and leached chernozems with small variations
(be these fields with fields of grains or cultivated crops) shows up in a
dark gray tone in the TR and in a gray tone in the red spectral zone. On
photographs in the red, and to a lesser degree in the green zone, it is
possible to see a fine "point" spottiness of a light gray tonme which is
assoclated with the photoimage of excavated calcareous soils. Another
type of fine spottiness of an almost black (dark gray) tone is character-
istic for the image of meadow-chernozem soils in microdepressions. Such
spottiness does not appear on photographs in the IR zone, In addition, on
the basis of a light gray image tone on IR photographs it is possible to
interpret the appearance of weeds in fields. Whereas in this zone the
difference in the level of the gray tone between fields with and without
weeds is 7-11, in the red zone it is 1-2 and in the green Zone is 2-6.
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Fig. 30. Change in tone and contrast of photoimage of agricultural crops on
summer multizonal aerial photographs in dependence on development phase and
spectral zone of survey (one and same sector of steppe zone photographed
during vegetative development of plantings with difference in survey time
of one month). Survey time: at top —— béginning of -sufiimer; at bottom ==
mid~summer. Spectral zones: at left —- red, at right —- IR. 1) stubble of
winter wheat harvested in mid-summer; 2) barley; 3) buckwheat; 4) peas; 5)
sugarbeets; 6) fodder beets; 6a) fodder beets with weeds; 7) corn (at the
beginning of summer meadow-chernozem soils in longitudinal troughs and
swales can be seen through its photoimage); 8) potatoes; 9) perennial grasses;
-- sweetclover with red clover (at top); after a month the grasses are
mown and the soil 1s plowed (at bottom); 10) meadow-steppe vegetation in
ravines (meadow-chernozem soils). . .
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: Fig. 31. Aerial photograph of ancient runoff trough of experimental sect
- of dry steppe zone.
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Fig. 3la. Soil map of ancient runoff trough of experiméntal sector of
dry steppe zone. Soils: 1) dark chestnut solonetz-like clayey loam soils
of medium thickness and deep steppe solonetz soils (50%); 2) dark chestnut
slightly solonetz-like soils, meadow-chestnut solonetz-like heavy clayey
loam soils and deep steppe solonetz solls (10-20%); 3) dark chestnut highly
solonetz-like soils, meadow-chestnut highly solonetz-like soils and fine

- meadow~-steppe sulonetz solonchak-like clayey loam soils (20%); 4) fine
clayey steppe solonetz soils with participation of dark chestnut solonetz-
like soils and meadow-chestnut solonetz-like soils; 5) fine solonchak-like
clayey loam meadow-steppe solonetz soils with participation of meadow~
chestnut solonetz-like soils; 6) meadow-chestnut solonetz-like soils and
meadow-steppe clayey loam solonetz soils (20%); 7) solonetz-like clayey
loam meadow-chestnut soils; 8) highly solonetz~like clayey loam meadow—
chestnut soils; 9) solonetz-like clayey loam meadow soils; 10) compact
clayey loam meadow soils.
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A study of the photographs taken in different spectral zones indicated that
using them it i1s possible to discriminate plantings of winter wheat (tiller-
ing phase), sown on bare and occupied fallow; the greatest difference can
be seen in the IR zone (Fig. 29, A,B), In the IR zone an almost white tone

- ~ corresponded to unharvested fields of fodder beets. Differences in the
photoimage of meadow-sieppe vegetation of steppe ravines with meadow-
chernozenm soils and meadow-swampy vegetation with alluvial-meadow and
meadow-swampy soils are interpreted better from photographs in the red
zone and considerably poorer in the IR spectral zone.

One of the principal results of carrying out a multizonal survey in late

- autumn (October) is the possibility of: a) a more detailed analysis of
the soil cover; b) determination of the level of development of winter
crops and prediction of their yield for the next year.

In 1975 a multizonal aerial survey was carried out twice: early in the sum~
mer- (5 June) and a month later (9 July).: This was a period of intensive
growth and development of agricultural crops and the first half of July
was the beginning of harvesting of winter crops. As indicated by an an-
alysis of summer photographs, at this time there is virtually no open
surface of the ‘soil cover and soil interpretation is accomplished through
the direct image of agricultural crops. The interpretability of soils in
different spectral zones and through different crops is different (Table
32).

On the June photographs in the green and red zones through the photoimage
of sugarbeets, having a light gray tone, it was easy to interpret meadow-
- chernozem soils (Fig. 30). They show up as fine dark dots (in the formation
of soils in swales) and dark striations (in the case of formation of mead-
ow-chernozem soils in longitudinal troughs). Similarly, on June photo-
graphs it is possible to interpret meadow-chernozem soils successfully
amidst typical and leached chernozems through the direct photoimage of
fields of corn and potatoes. In the IR zone they are not interpreted or
are determined with greater difficulty. Accordingly, during early summer
through the photoimage of cultivated crops against the background of cher-
nozems there can be reliable interpretation of meadow-chernozem soils in
the red and green spectral zones. On July photographs this possibility is
lacking in all spectral zones. By mid-~summer cultivated crops are well-
developed and completely mask the soils.

In addition, an analysis of the July photographs indicated that meadow-
chernozem soils, formed in swales and longitudinal troughs, are inter-
preted on photographs taken in the green and red spectral zones through a
planting of spring wheat with an undersowing of clover and especially
through a planting of vetch. In a field occupied by vetch it is easy to

- see the dotted-striated soil cover structure. The data in Table 33 show
that the greatest differences between chernozems and most agricultural
cru;'s are observed in the IR zone.
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On the June photographs (see Table 32) from the photoimage of winter wheat
in the green and IR spectral zomes it was possible to determine the dif-
ference in the yield of wheat sown on bare fallow — 40 centners/hectare
and wheat sown on occupied fallow (peas) -- 25 centners/hectare., The dif-
ference in the levels of gray tone between wheat with yields of 40 and 25
centners was 10-15 units. In the red zone it could virtually not be dis-
cerned at all. At the same time, it was established that on the photoim-
age on multizonal aerial photographs obtained in all three spectral zones
during this month plantings of winter wheat with a high yield are similar
to sectors of meadow-steppe vegetation, sown perennial grasses, as well as
fields of spring wheat and barley with an undersowing of peremnial grasses.

The investigations indicated that for the reliable identification of agri-

cultural crops a change in their photoimage in different spectral zones

in dependence on survey time is of great importance. For example, spring

wheat and barley from June to July change tone on photographs in the red

zone from dark gray, almost black, to light gray, almost white, whereas
cultivated crops (sugarbeets and corn) vary from light gray to dark gray.

However, images of meadow-steppe and meadow-swampy vegetation, and also

forests, do not experience sharp changes in tonality on photographs from

June and July surveys. For mid-summer (July) we made a comparison of the

photoimage of the surface of the analyzed steppe sector, obtained synchron-

ously on multizonal aerial photographs and a space photograph. A compar-

- ative analysis of the photoimage indicated that with respect to tone ag-
ricultural crops, forest and soils on a space photograph are similar to the
same features on an aerial photograph taken in the red zone. Accordingly,
the interpreted aerial photographs for one and the same survey time (in
the limits up to two weeks) and photographs from space can serve as a
"key" for the interpretation of space materials.

In conclusion we will give a summarized table-key for the interpretation
of the principal soils (Table 34) in an experimental sector of the steppe
zone which we compiled on the basis of a soil interpretation of multizonal
aerial and space photographs. In working up this table-key we used data
on soil-forming factors (relief, vegetation, soil-forming material), phys-—
ical and chemical properties of soils, exerting an influence on their re-
flectivity, and have indicated the soil interpretation criteria.

dkkkd
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Interpretation of Multizonal Aerial Photographs of Dry Steppe Zone

A study of the soil cover and plantings of agricultural crops of the dry
steppe zone from aerospace photographs was made in the territory of one
of the experimental sectors in Northwestern Kazakhstan.

In physiographic respects the analyzed territory covers the southern part
 of the West Siberian Lowland — the Turgayskaya "tableland” country. The
‘ northern part is situated within the limits of an undulating sandy plain

and the southern part is situated within the limits of an extensive plat-
eau. In geobotanical respects this zone is a dry steppe with a predomin-
ance of feathergrass—sheep's fescue-mixed grasses, feathergrass-sheep's
fescue-wormwood associations on dark chestnut soils and sheep's fescue-
wormwood-goldilocks associations on solonetz soils.

The territory has a lowland relief. In geomorphological respects it is

_ possible to discriminate northern, central and southern parts in the con-
sidered region. The northern part is a slightly undulating sandy plain,
complicated by numerous mesodepressions, frequently occupied by bitter-
saline lakes. The lakes are slightly incised, with flat bottoms. The ex~
panses between the lakes are flat, sometimes slightly convex water div-
ides with gentle slopes (1-3°) of different length and exposure.

The soil-forming rocks here are unconsolidated sandy and sandy loam Quat-
ernary deposits underlain by a Paleogene sandy-pebbly stratum. The soil
cover of the northern part of the considered territory is represented by
dark chestnut sandy loam soils on the water divides, meadow-chestnut soils
in depressions and small contours of solonchaks around bitter-salt lakes.
Due to the 1light mechanical composition most of the lands in this part of
the territory are not plowed and constitute a sheep's fescue-feathergrass—
crested wheatgrass idle land or a virgin land with sheep's fescue-feather-
grass-mixed grass and feathergrass-sheep's fescue-wormwood associations.

The central part of the lands of the experimental sector is an ancient
runoff depression. This is a slightly undulating plain complicated by
numerous forms of meso- and microrelief in the form of microdepressions,
remanent hills, ridges, modern runoff troughs with intermittent water-
courses. The soil-forming rocks here are represented by saline clayey
loams, Tertiary variegated saline clays, in which the presence of micro-
crystalline gypsum is discovered beginning at a depth of 60-80 cm.

Aleuritic rocks participate in soil formation in individidual remanent
hills. In the soil cover here there is widespread occurrence of solonetz,
chestnut and meadow-chestnut solonetz-like soils (Figures 31, 3la).

The southern part of the territory occupies an extensive plateau. In its
cenral lowland part there is extensive development of flat microdepres-

sions and microhills of zoogenic origin —-- hillocks formed at the mouth.
- of marmot burrows, creating a microcomplexity of the steppe surface. The
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soil-forming rocks are covering calcareous heavy clayey loams underlain
by marine Paleogene deposits in the form of yellow-brown or reddish
clays. The soil cover is very homogeneous and is represented by dark
chestnut and dark chestnut calcareous excavated soils (marmot hillocks)
on the plateau and calcareous meadow-chestnut soils in microdepressions
(Figures 32, 32a). This territory is the principal cultivated land re-
source of the farm. Among the agricultural crops here therz is a predom—
inance of plantings of spring wheat and barley. In the central part a
high percentage of the cultivated land is occupied by plantings of per-
ennial grasses (crested wheatgrass). -

In 1973 a multizonal aerial survey was carried out in the green (520 nm),
red~orange (610 nm), IR (840 nm) spectral zones at the end of July, 60-70
days after the sowing of grain crops -- spring wheat and barley. On the
territory of the plateau on dark chestnut calcareous and meadow-chestnut
calcareous soils these crops form a dense cover and cover the soil sur~
face. In this case the interpretation is made through the photoimage of
the agricultural crops.

On the territory of the plateau through the photoimage of spring wheat
and barley in the red spectral zone there is reliable discrimination of
dark chestnut and meadow-chestnut soils; in the green and infrared zones
they differ slightly (Table 35). Dark chestnut calcareous excavated soils
(marmot hillocks) are not masked by plantings of grains; in the green and
especially in the red zone they have a bright-light tone (50-62); these
soils are not interpreted on photographs in the IR zone.

On the photograph the fields occupied by spring wheat and barley have a
different tonality, well expressed in the red and IR zones and poorly ex-
pressed in the green spectral zone. These differences in overall tonality
are attributable to a nonidentical yield of spring wheat and barley.

- Now we will examine a sector of the territory of an ancient runoff trough
with a varied complex soil cover. The analysis shows that in the red zone
through fields of spring wheat there is clear interpretation of dark
chestnut solonetz-like soils, meadow-chestnut solonetz-~like and meadow
solonetz-like soils, Steppe and meadow-steppe solonetz soils have sim-
ilar photoimages, but differ clearly with respect to their position in
- the relief, In the green zone such a field has a less contrasting photo-
image. In the IR zone a field of winter wheat with a complex soil cover
has very weak contrasts. For example, whereas in the red zone the differ-
ence in the level of the gray tone between meadow-chestnut soils and
solonetz soils attains 24 units, in the IR zone this difference is 3. An
exception is the meadow solonetz-like soil, which is reliably interpreted
in the IR zone from the light tone of the photoimage.

From the photoimage of corn in the IR zone it is easy to see the difference
- between fields with a different sowing time. In the red zone it is traced
with difficulty and in the green zone is absent. For example, whereas
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Fig. 32. Aerial photograph of sector of plateau of dry steppe zone.

the difference in the level of the gray tone between early and late plant-
ings of corn sowvn on dark chestnut sandy loam and light clayey loam soils
in the green zone is virtually equal to zero, and in the red zone —- 3-3,
in the IR zone it is 8-10 units.

The interpretation of the soil cover through early and late plantings of
corn was accomplished most successfully from photographs in the red spec-
tral zone., In this zone through the photoimage of corn it was possible to
determine dark chestnut sandy loam and light clayey loam arenaceous, meadow-
chestnut light clayey loam and meadow~steppe solonetz solls, In the green
and IR zones the photoimage of these soils has a weak contrast (Fig. 33).
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Fig. 32a. Soil map of sector of plateau in dry steppe zone. Soils: 1) dark
chestnut calcareous, medium—thickness, clayey and dark chestnut excavated

(hillocks at mouths of marmot burrows -- white dots on photograph) soils;

2) meadow-chestnut calcareous clayey soils.

For example, the difference in the level of the gray tome for an early sow-
ing time between the above-mentioned soils in the green zone is 5 and 6
units respectively, in the IR zone -- 6 and 8 units, in the red zone —-

12 and 18 units.

On photographs in bare fallow, if it 1s well worked and not overgrown with
weeds, the surface soil horizon shows up directly. Against the background
of surrounding fields and crops sectors of bare fallow show up most clear-

‘ly in the IR zone. In the red spectral zone against the general tone of

the photoimage they differ slightly from fields occupied by plantings of
spring wheat and perennial grasses or virtually do not differ from them.
However, within ficlids of bare fallow the interpretability of different
solls is most sharply expressed on photographs taken in the red spectral
zone. The difference in the level of the gray tome in this zone (reliabil-
ity of interpretatiom) for dark chestnut solonetz~like and meadow-chestnut
solonetz~like soils is 12, between dark chestnut solonetz-like and steppe
solonetz soils is 10, between meadow-chestnut solonetz-like and solonetz
soils is 21.

The soil cover of the dry steppe zone is successfully interpreted through
plantings of perennial grasses (crested wheatgrass) and the photoimage of
virginland vegetation. For example, through fields of crested wheatgrass
dark chestnut sandy loam and light clayey loams in the red zone were

i
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reliably discriminated from meadow-chestnut and especially meadow-steppe
solonetz soils. Through the virginland vegetation it was possible to de-
termine meadow-chestnut solonchak-like soils, meadow-mixed and complex
soil units consisting of meadow-chestnut and meadow~steppe solonetz soils
and sectors of meadow solonchaks.

Accordingly, in the dry steppe zone, using summer July photographs taken
in different spectral zones, the soil cover is successfully interpreted
through the direct images of spring wheat, barley, corn and perennial
grasses. This is attributable to the fact that with average harvests in

- the arid years agricultural crops did not mask the differences in the
soil cover, but on the contrary, emphasized them. It 1s possible that in
moist years this effect will be different.

Another important conclusion which can be drawn on the basis of an analysis
of the photoimage of multizonal photographs is that in the case of a uni-

= form soils cover (on dark chestnut calcareous clayey soils of extensive
plateaus) on the basis of the different tonality of one of the leading
crops —— spring wheat -- it is possible to ascertain its crop yield.

E Among the spectral zones the best results in the interpretation of the
soil cover and agricultural crops were obtained in the red zone. Photo-
graphs taken in this “zone clearly show dark chestnut calcareous, meadow-
chestnut calcareous and dark chestnut calcareous excavated (at mouth of
marmot burrows) solls of plateaus; there was reliable interpretation of
the complex soill cover with solonetz in the central part of the lands in
the territory of an ancient runoff trough; tonal differences between
plantings of spring wheat, barley and chick peas were noted better than
in the green and IR zones; it was easy to interpret perennial grasses and
the soils beneath them. In the IR and green zones these differences were
appreciably weaker or there were none. An exception is the photoimage of
bare fallow and plantings of corn sown at different times (with different

projective covering), which in the IR zone showed up with the greatest
contrast,

In autumn, in mid-September 1973, a repeated multizonal aerial survey of
the s0il cover and agricultural crops was carried out at a medium scale

in the green (520 nm), red-orange (610 nm) and IR (840 nm) spectral zones.
It coincided with the period of harvesting of grain crops. Therefore, some
of the fields at the time of the survey had already been harvested and the
photographs showed the stubble of corn and grains on which the soils were
being worked with cultivators-levelers., In individual fields it is pos-
sible tc see spring wheat and barley in the phase of gold ripeness.

An analysis of the characteristics of interpretation of the soil cover and
- agricultural crops during the autumn survey period indicated the following
i (Table 36). In the red and IR spectral zones there was reliable discrimin-
aticn of flelds of spring wheat with a yield differing by a factor of 2-
2.5 on dark chestnut calcareous soils. In the green zone these differences
did not exist.
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In sectors of bare fallow with a direct representation of the soil surface
on the photographs in general there is a greater brightness of the photo-
image of the soil cover (especially solonetz soils) associated with drying
out of the upper soil horizon and possibly a greater drawing—out of carbon-
ates to the surface.

In comparison with the summer survey period, in autumn dark chestnut and
meadow-chestnut soils are difficult to see under corn in the green and red
spectral zones; in the IR zone they cannot be seen. On the other hand,
meadow-steppe soils can be seen considerably more sharply (except in the
IR zone). This is attributable to the fact that on solonetz soils there is
virtually no corn and on the photographs it is possible to see the light
surface of the solonetz soils, whereas on dark chestnut and meadow-chestnut
80ils corn has a well-developed leaf surface which shows up in a dark gray
tone. The soil cover can be interpreted through corn stubble only in the
IR spectral zone.

During the autumn period meadow-chestnut soils are slightly distinguishable
through fields of perennial grasses with dark chestnut solonetz-like soils
and solonetz soils, especially in the red zone, can be interpreted very
clearly.

In 1974 a multizonal survey in the green (540 nm), red (690 nm) and IR
(840 nm) spectral zones was carried out in early July, 1-1.5 months after
the sowing of grain crops. The survey was made on a medium scale, On these
photographs on the basis of the different photoimage of the grain crops it
was easy to see the difference in the moisture supply of the soils, related
to their different working. For example, with the sowing of spring wheat
at one and the same time (25-26 May, dark chestnut calcareous soils) on
photographs in the red and IR spectral zones there was reliable interpret-
ation of the difference between fields in which in 1973 there had been
deep loosening of the soil (to 25-27 cm), and in the course of 1971-1973
there had only been a'plowing-under of the stubble (to a depth of 8-12 cm)
(Table 37). Among fields of barley (dark chestnut calcareous soil, sown
29-30 May) a different tome in the IR zone was characteristic of fields

in which there had been bare fallow in 1972, whereas in 1971-1973 there
had been plowing~under of the soil. In autumn the yield on these soils

was 12,0 and 8.5 centners/hectare respectively (Fig. 34).

On the photographs it was possible to discrimirate fie;Js with different
times for the sowing of spring wheat (15-16 May, 25-30 May, dark chestnut
calcareous soils). Fields sown at different tiues with the best develop-
ment -of wheat had a darker gray photoimage tone in the red and a lighter
gray tone in the IR spectral zone.

Dark chestnut calcareous and meadow-chestnut calcareous soils, dark chest-
nut solonetzlike, meadow-chestnut solonetzlike, steppe and meadow-steppe
solonetz soils, meadow mixed and meadow solonchak soils were reliably in-
terpreted through plantings of grains (spring wheat, barley, millet),
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chick peas, corn, perennial grasses (crested wheatgrass) and virginland
vegetation from aerial photographs in the red spectral zone. In fields

where perennial grasses had been mown the interpretability of soils was
poor and only areas of meadow-chestnut soils could be seen.

On photographs in the IR spectral zone against a background of agricultural
plantings it is very easy to interpret fields with sectors of bare fallow,
but internal differentiation of the makeup of the soil cover in them was
poor (Fig. 34).

Photographs in the green spectral zone do not give additional new informa-
tion concerning the soil cover and agricultural crops in comparison with
the photographs just considered. With respect to the nature of the photo-
image they are close to photographs in the red zone, but for a number of
soil-agricultural features have a less sharply expressed contrast.

In 1975 a multizonal survey in the green (540 nm), red (690 nm) and IR (840
nm) spectral zones of the experimentsl sector was carried out in mid-June.
With respect to moistening conditions in the territory of Kazakhstan this
year was acutely arid. On the photographs, from the state of development

of plantings of winter wheat on dark chestnut calcareous soil-in the course
of the first month,it can be seen that the photoimage is influenced consid-
erably by the presowing working of the soil. With one and the same sowing
times and soil conditions the best development of spring wheat was noted

in fields where the presowing working of the soil was carried out with the
KPE-3.8 antierosion cultivator to a depth of 12-14 cm and sowing with the
$28-9 drill in comparison with fields where sowing was carried out with

the $2ZS-2.1 drill. These differences were observed most sharply on photo-
graphs in the IR spectral zone. The difference in the level of the gray
tone of these fields in the green zone was equal to zero, in the red zone
2, and in the IR, which was most sensitive to the development of plants

-- 12 (Table 38).

On early summer photographs in the green and especially in the red spectral
zones the soil cover was reliably-interpreted through plantings of spring
wheat, barley, annual and peremnnial grasses. Over the territory of plateaus
it was possible to determine meadow-chestnut soils through plantings of
spring wheat against a background of dark chestnut calcareous soils on the
basis of a dark tone and affinity to swales; the image of small light dots
was indicative of dark chestnut calcareous excavated soils (at the mouth of
marmot burrows). In the red zome these soils had a more sharply expressed
contrast than on photographs in the green zone. In the IR zone the excavat-
ed solls at the mouth of marmot burrows could not be detected, whereas
meadow-chestnut soils appeared in a light gray tone similar to the general
image background of fields covered with cultivated vegetation.

The complex soil cover of the central part of the territory to be analyzed,
oco.ipying the ancient runoff valley, could be seen in detail through plant-
ings of barley and annual grasses (foxtail millet) on photographs in the
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green and IR zones, but with special contrast on photographs in the red
spectral zone.

Fields of freshly plowed bare fallow showed up in all the analyzed zones,
but especially sharply in the IR. On fallow, from the direct image of the
soil surface, on photographs in the red and green zones it was easier to
interpret dark chestnut calcareous, dark chestnut calcareous soils excav-
ated at the mouth of marmot burrows and meadow-chestnut soils. In all spec-
tral zones on the basis of a light gray tone there was reliable discrimin-
ation of unworked fields in fallow, covered by solonchaks. Against the im-
age bazxground of these fields on the basis of a dark gray tone there was

a clear interpretation of meadow-chestnut soils (especially in the red
zone).

In the IR spectral zone these soils had a light gray tone similar to the
general image background of fields covered with weedy vegetation.

Through cultivated crops (corn fields) the soil cover was readily inter-
preted from photographs in the red spectral zone: sandy loam and light
clayey loam dark chestnut soils, solonetz-like meadow-chestnut soils and
meadow-steppe solonetz soils were discriminated; in the green and IR zones
soil differences were poorly visible through corn fields (solonetz soils)
or the soils cannot be interpreted (for example, meadow-chestnut soils).

Through plantings of perennial grasses (crested wheat grass) on early sum-
mer photographs the complex soil cover (dark chestnut solonetz-like, mead-
ow-chestnut solonetz-like and meadow-steppe solonetz soils) showed up very
sharply in the red spectral zone. In the grzen zone the soils are visible
but the image contrast is poor. In the IR the soils are not interpreted;
the field has a homogeneous light gray color. Some lightening of the tone
can be noted only in solonetz areas.

The soil cover shows up most differentially on photographs in the red spec-
tral zone through virginland vegetation. In particular, this differentia-
tion is associated with a detailed representation of meadow~chestnut soils
assoclated with microswales and longitudinal troughs. In the green and IR
spectral zones these soills are virtually not interpreted or can be seen
very poorly.

On early summer photographs in the green, red and IR zones meadow and weedy
solonchaks are shown in a similar (light ox almost white) tone.

Accordingly, for the purposes of objective and reliable interpretation of
the soil cover, agricultural crops and virginland vegetation in the terri-
tory of the dry steppe in the early summer period it is necessary to use
aerial photographs taken in the red (primary) and IR (secondary) zones.

IR photographs were particularly valuable material in an analysis of dif-
ferences in the state of agricultiral crops (for example, spring wheat)
during initial periods of development of grain crops (tillering and
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stem extension stages). An analysis of the condition of agricultural crops
during this period makes it possible to predict their crop yield.

In conclusion we will cite a composite key table for interpretation of the
main soils (Table 39) in the dry steppe zone of Kazakhstan which we pre-
pared on the basis of a soil interpretation of multizonal aerial and space
photographs. In the compilation of this table we made an analysis of the
photoimage of both small- and medium-scale space photographs.

Interpretation of Multispectral Aerial Photographs of Desert Zone

A new direction in the study and interpretation of the soil cover and agri-
cultural crops is a multispectral photoelectronic survey of the earth's
surface.

In photoelectronic methods for the registry of the soil-vegetation cover
use 1s made of multispectral scanning systems (M5SS) ~- radiometers, side~
view radars and other photoelectronic instruments. Using these methods in-
formation on soils and agricultural crops can be registered on magnetic
tape or registered in the form of an image on the screen of a cathode ray
tube. Photoelectronic methods can be used in the UV (0.01-0.4{:m), in the
entire visible zone of the spectrum (0.4-0.76), in the near-IR (0.76-1.1
P m), in the far IR (l.Z—ZSP.m) and in the radiowave spectral region (from
1 mm to several meters).

Using photoelectronic methods it is possible to obtain new additional in-
formation on soil-agricultural resources in comparison with aerial photo-
graphic methods. This occurs, on the one hand, due to a survey in those
parts of the spectrum which are not employed for photography on light-
sensitive materials (the sensitivity limit for infrafilm-is 1.1ptm); on
the other hand, this is due to the use of narrow spectral zones for sur-
veying of the soil-vegetation cover with a considerably greater differen-
tiation on the basis of their spectral brightness.

At recent congresses of the American Photogremmetric Society much atten-
tion has been devoted to the problems involved in interpretation and new
photoelectronic technical means for obtaining information on the earth's
surface. The attention of researchers in this fleld is being given to ob-
taining information without a photographic image and solution of the prob-
lem of automation of the photointerpretation process (MacDonald, Kristof,
1970).

In the United States, on the basis of an analysis of data from a multispec-
tral scanner obtained during the survey period April-July 1969 it was pos-
sible to obtain interpretation criteria (signntures) of soils and agricul-
tural crops =-- corn, sorghum, cotton, citrus., It was established that their
identifiability 1is better during the early parts of the growing season
(Wicgand, et al., 1971).
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Fig. 33. Change in tone and contrast of photoimage of soils and agricul-
tural crops on multizonal photographs in dependence on spectral zone and
season of survey of one of the experimental sectors of the dry steppe
territory. Spectral zonmes: at top —— green; in middle -- red; at bottom
-- IR. Survey season: at left —- summer; at right —- early autumn. Mechan-
ical composition of soils —- sandy loam and light clayey loam. 1) corn
(early planting) on: a) dark chestnut soils; b) meadow-chestnut soils; c¢)
meadow-steppe solonetz soils (in the early autumn period of the survey the
corn had been harvested and stubble is shown); 2) corn (late planting) on:
a) dark chestnut soils; b) meadow-chestnut soils; c) perennial grasses
(crested wheatgrass) on dark chestnut and meadow-chestnut soils.
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Fig. 34. Photoimage of soil cover and agricultursl crops oti summer multi-
zonal photographs of territory of two experimental sectors of dry steppe
zone of 1974 survey. Spectral zones: at top —- red; at bottom -- IR, Sec-
tors: at left —- flat water divide with swales; at right -~ gentle slope,
Mechanical composition of soils clayey and heavy clayey loam. 1) spring
wheat Saratovskaya 29 (late sowing 25-26 May) (in 1973 the soil was loos-
ened to a depth of 25-27 cm); a) dark chestnut calcareous soils; b) meadow-
chestnut calcareous soils; 2) spring wheat Saratovskaya 29 (late sowing 25-
26 May) (in 1971-1973 the soil was cut to a depth of 8-12 cm) on: a) dark
chestnut calcareous; b) meadow-chestnut calcareous; 3) chick peas on: a)
dark chestnut calcareous; b) meadow-chestnut calcareous (white dots —
image of marmot burrows); 4) barley Yevropeum 353/133 (sowing at end of
May) on: a) dark chestnut calcareous; b) meadow-chestnut calcareous soils;
4) harvest 12 centners/hectare (in 1972 was fallow); 41 —— harvest 8,5 cent-
2ers/hectare (in 1971-1973 there was deep cutting of the soil); 5) bare
allow. i
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Fig. 35. Multispectral survey of soil cover in desert zone. Photoimage in
zone: at left -- 0.4-0.45p m; in middle -~ 0.5-0.55|J.m; at right -- 0.72-
0.82um. 1) barchan deflatable sands; 2) small sand hills, partially con-
solidated by psammophytic vegetation; 3) depressions between ridges with
ground water at shallow depth; 4) utilized areas of gray sands.,

A comparison was made of soil maps obtained by usual surface methods and
compiled automatically using a multizonal scanner. There was a good sim-
ilarity for soils differing in color and a noncorrespondence of soils
differing with respect to structure, mechanical composition and position
in the relief (Baumgardner, et al., 1970; Kristof, Zachary, 1974).

For the successful use of the method of computer analysis of multizonal
data on the soil cover the survey must be carried out in a period when
the fields are free of vegetation, over a relatively even terrain, with
the sun high in the sky (midday) and with availability of data on the
soil cover.
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Soil Humus CaCO3  Mechanical Reflec-
composition tion co-

efficient
_ A

e

Leached 7.43 None Heavy clay- 10.2
meadow~ ey loam

cherno-

zems

Cherno- 6,13 None Heavy clay- 10.4
zens, (for ex- ey loam (for ex-
typical, cavated cavated
leached 0.93) 11.1)
and ex~

cavated

(mouth

of mar-

mot bur-

rows)
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Relief Vegetation, .
land-use area -

Central Rus- Cultivated
sian Highland land. Meadow

Ravines, vegetation in
troughs troughs and
shallow ravines
troughs,

swales

Central Rus- Cultivated

sian Highland land
Slightly convex
watersheds and
their slopes -
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Table 34. Summary Tahle-Key for Interpretation of Soils of Steppe Zone of

European Part of USSR (in Example of Experimental Sector) from Space and

Aerial Photographs, Black-and-White Film. Scale of Aerial Photographs --
Large and Medium, Scale of Space Photographs —- Medium and Small

Soil-forming

rocks

Deluvial clayey

loam

Loessial cal-
careous clayey

loam

APPROVED FOR RELEASE

Interpretation criteria

aerial photographs

Troughed-dendritic or small-spotty
or spotty-troughlike-dendritic
patterns of dark gray or almost
black tone on plowed sectors or
under meadow vegetation in green
and red spectral zones or on in-
tegral panchromatic photographs.
In IR zone under meadow vegetation
they have a light, almost white
tone; in arahle land without vege-
tation —— black. From image pat—
tern these soils are interpreted
on early summer photographs
through image of cultivated crops
but on summer photographs —
through spring crops

On panchromatic air photos and
photos in green and red zones
soils have monotonic structure-
less image of almost black tome
for fresh plowing or dark gray
for dry surface of soils; in IR
zone, black tone. Sectors of pre-~
dominant occurrence of leached
chernozems are interpreted only
in short early spring period
(after snow disappears) from
large-spotty pattern of almost
black tone (due to increased
soil moisture content in com~
parison with surrounding sec-
tors). Excavated thick cherno-
zems virtually not visible on
cultivated land
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space photographs

On small~ and medium-
scale photographs of
spring survey period
(IR zone) under meadow
vegetation these soils
clearly determined

from almost white tone
of image of steppe
troughs and gullies.

In plowed sectors
neadow~chestnut soils
not seen in swales

and elongated troughs.
On summer photos of
visible and IR zone
interpreted less clear-
1y from troughlike-den
dritic pattern

Soils show up in uni-
form dark gray or al-
most black tone in de-
pendence on survey
time. Differences in
leaching and excava-
tion of chernozems

not visible. On summer
photos difficult to
interpret chernozems
through multifield im
age of flelds. Best
results obtained from
spring-autumn photo-
graphs
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Soil Humus CaCO3 Mechanical Reflec- Relief Vegetation,
composition tion co— land-use area
A efficient
%

Cherno- Central Rus- Cultivated

- zems sian High- 1land. Slopes
typical: land. with peren-
slightly Watershed nial grasses.
eroded 5.48 5.79 Heavy clayey 12.6 slopes near Edges and
moderate- loam ravines, slopes of
ly eroded 2.95 12.39 Same 22.0 sides, am~ ravines un-

phitheater der meadow-
and slopes steppe
of ravines vegetation
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Table 34 (continued)

Soil~-forming rock Interpretation criteria
aerial photographs space photographs -
Loessial cal- On photographs of visible (es- On small- and medium-
careous clayey pecially red) spectral zones scale photographs easy
loam weakly eroded chernozems show to determine gully-
up as low-contrast shallow ravine network on basis
troughs or fanlike-shallow of dendritic-spotty- -
trough pattern of gray and multifield pattern. Nat—

light gray tone and medium~ ural regions and water-
eroded chernozems show up as sheds with different

clear striated-rill or spotty- dissection of territory
shallow trough-rill pattern; by gully-ravine network

in IR zone this pattern is are discriminated. Good
leveled. On summer photos results are obtained
rills overgrown with weedy with use of photos in
- vegetation show up on cul- red and IR spectral z
tivated land through crop zones -

image. On large- and medium-

scale photos on the basis of

form and size there is reli-

able determination of ele-

ments of linear erosion —

rills, channels, ravines -
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Table 35

Boundary Contrast (Interpretability) of Soil Cover, Agricultural Crops and
Virginland Vegetation on Multizonal Aerial Photographs of Experimental
Sector of Dry Steppe Zome. Survey Time 19 July 1973

Name of bordering features Difference in levels of gray
tone in spectral zones (sen-
sitivity Apax, nm)

) green red infra
(540) (610) (840)
Spring wheat Saratovskaya 29 on dark chestnut
calcareous clayey soils and on
meadow-chestnut calcareous soils 4 16 3

dark chestnut excavated calcareous soils

(at mouth of marmot burrows) 12 13 0
meadow-steppe solonetz soils 6
meadow~-chestnut solonetz-like soils 3 17 11
meadow solonetz-like soils 6 22 3
dark chestnut solonetz-like soils 5 10 15
1
1

meadow-chestnut weakly solonetz-like 16 11

steppe solonetz soils 1 4 8
Fallow on meadow-chestnut solonetz-like soils
and on
dark chestnut solonetz-like 5 11 6
steppe solonetz soils, light clayey loam and
- sand-permeated 13 21 8

Corn (early sowing 20 May) on dark chestnut sandy
loam and light clayey loam sand-permeated soils
and on

- meadow-chestnut solonetz-like light clayey

loam soils
meadow-steppe solonetz soils
Perennial grasses (sweetclover) on dark chestnut
solonetz-like soils and on
meadow-chestnut solonetz-like 3 8 5
fine meadow-steppe solonetz soils 20 6 8
Virginland vegetation -- mixed grass-feathergrass
-sheep's fescue on dark chestnut sandy loam and
light clayey loam sand-permeated soils and
sheep's fescue-wormwood-mixed grasses with
thrift on meadow-chestnut solonchak-like
soils 1 5 3
quack grass-mixed grasses with thrift on
- meadow-compact heavy clayey loam soils 5 2 22
wormwood-sheep's fescue with thrift on
meadow-steppe solonetz soils and meadow=-
chestnut solonetz-like soils 4 8 3
woruwood-thrift on meadow solonchaks 7 13 14

10 6
10 2

o0~
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Table 37. Boundary Contrast (Interpretability) of Soil Cover and Agricul-
tural Crops on Multizonal Aerial Photographs of Experimental Sector of the
Dry Steppe Zone. Survey Time 6 July 1974

Name of bordering features Difference in levels of gray
tone in spectral zones (sen-
sitivity )\ max, in nm)

green red infra
(520) (690) (840)
On dark chestnut calcareous clayey soils
spring wheat (early sowing -- 15-16 May,
in 1972 fallow) and
spring wheat (late sowing -- 25-26 May,
in 1973 deep loosening) 13 2 7
spring wheat (late sowing -— 25-26 May,
in 1971-1973 deeply cut) 13 7 17
barley (yield 12.0 centners/hectare, in
1972 fallow, sowing 29-30 May) 17 9 7
barley (yield 8.5 centners/hectare, in
1971-1973, deep cutting of soil, sowing
29~30 May) 17 7 24
chick peas 8 11 8
fallow 13 2 28

Spring wheat Saratovskaya 29 on dark chestnut
calcareous clayey soils {in 1974 deep loos-
ening of soil, late sowing 25-26 May) and
deep loosening in 1973, late sowing

25-26 May 5 1 2
in 1971-1973 deep cutting, late sowing
_ 25-26 May 0 4 9

Barley Yevropeum 353/133 on dark chestnut sol-
onetz-like soils and on

meadow-chestnut solonetz-like 1 6 0

steppe solonetz 8 17 8

meadow-steppe solonetz 5 7 0

meadow solonetz~like 1 9 18
Millet on dark chestnut solonetz-~like soils

and on

meadow-chestnut solonetz-like soils 5 3 2

steppe solonetz 12 21 0

meadow~steppe solonetz 7 5 0

meadow solonetz-like 5 4 1
Tallow on dark chestnut calcareous clayey

soils and on

meadow-chestnut calcareous 3 3 0

dark chestnut calcareous excavated soils 5 7 0

(mouth of marmot burrows)
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In 1973 an experiment was carried out for testing instrumentation for the
remote sensing of the earth's surface from an aircraft. The complex of on-
board instrumentation included a multispectral scanning system (MSSS) and
a system for digital videorecording (Khedarev, et al., 1974; Ziman, et al.,
1975). The scanning apparatus made it possible to obtain images in four
spectral zomes: 0.4-0.45, 0.5-0.55, 0.6~0.68 and 0.72-0.82pm. The sur-
vey was made on 14 June at 1200 hours from an altitude of 5,200 m at a
small scale.

In a diagnostic interpretation of multispectral photogranhs we used data
from field soil investigations carried out in the summer of 1973 and
materials from large- and medium-scale soil maps of this experimental
sector.

In soil-geographic respects the investigated region took in a part of the
Fergana valley. The soil cover (zone of gray soils) was represented by
gray-brown gypsum-bearing soils, gray soils, irrigated gray soils, meadow-
swampy soils on alluvial-proluvial deposits with the participation of
solonchaks and gray sands.

An analysis of the image of the soil cover and agricultural crops from
multizonal materials revealed the following. In two of the four spectral
zones used when working with the MSSS (0.5-0.55 and 0.6-0.68(im) there
was a similar photoimage of the earth's surface, including the soil
cover. Among the remaining zones the greatest information content with
respect to the interpretation of agricultural crops and soils was from
photographs taken in the zone 0.4-0.5pim. On the basis of the nature of
the photoimage it was possible to determine gray-brown and gray soils,
irrigated gray soils and meadow-gray soils and separate meadow-swampy old
irrigated slightly saline soils of heavy and medium clayey loam mechan-
ical composition from newly irrigated slightly upgraded somewhat saline
soils of clayey loam and light clayey loam mechanical composition with
the participation of sandy soils. However, they were interpreted with
difficulty.

It was considerably easier to discriminate newly irrigated meadow-swampy
moderately saline soils with spots of weak and strong salinization and
especially newly exploited highly saline soils with the participation of
solonchaks and gray sands. The latter had a clearly expressed mottled,
unordered photoimage pattern of a light gray and dark gray tone. The ap-
pearance of this pattern (but to a lesser degree) could be observed in
areas of newly irrigated moderately saline soils. The image of the soil
cover on photographs obtained in the zones 0.5-0.55 and O.72—0=82£Lm was
characterized by a greater uniformity, except for newly utilized highly
saline soils,

The characteristics of the soil cover in the irrigated zone, clearly re-
fle..ted in the zone 0.4-0.45p m, are calcareousness and differences in
surface soil moisture content. The soils of the analyzed sector in the
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upper horizon contained a small quantity of humus (0.93-1.37%) and a high
percentage of carbonates (5-11% CO2 or above). They were characterized
by a high reflectivity in dry and even in moist states and on the 'photo-
graphs showed up in a light tone. Moistening was manifested in a grayer

tone.
Table 40

Boundary Contrast (Interpretability) of Soil Cover of the Desert Zone on
Multispectral Photographs. Survey Time 14 June 1973

Name of bordering units Difference in levels of gray tone in
spectral zones (sensitivity A in pm)

0.4-0.45 0.5-0.55 0.72-0,82

Utilized areas of gray sands and
i barchan deflatable sands 27 27 21

small sand hills, partially consol-
idated by psammophytic vegetation 4 16 18

depressions between ridges with
ground water at shallow depth 0 0 5

In the zone 0.5-0.55Am the moist soil surface was represented by a dark-
gray tone, whereas a dry surface had a bright-light tone. Differences in
surface moistening showed up in considerably greater detail on photo-
graphs obtained in the zone 0.4-0.45p m. Visually it was possible to make
reliable discrimination of 5-6 gradations of soil moisture content from
the change in the gray tone.

With the photographs there was reliable determination of the photoimage
characteristics of sandy areas in the desert zone. For example, barchan
deflatable sands were reliably interpreted from a light gray and almost
white tone and a crescent shape. A light gray tone with individual small
sectors of gray tones (typical for depressions between ridges) was char-
acteristic for small hills of sand partially consolidated by psammophytic
vegetation. Depressions between ridges with the ground water close to the
surface and utilized areas of gray sands were clearly determined from a

- dark gray and almost black photoimage tone (Fig. 35). Table 40 gives the
interpretability of sandy areas in different spectral zones. It shows
that the greatest differentiation in their photoimage is observed in the
spectral zone 0.4-0.45Y m. However, the most complete and objective char-—
acterization of the considered features is possible with the joint use of
photographs in the three considered zones.

The joint use of photographs obtained in different spectral zones made it
- possible, on the basis of the change in tone, to interpret correctly the
agricultural crops and also their state. In fields with cotton plantings
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- there wvas reliable discrimination of five different degrees of moistening

: of the soil surface. It is possible to discern fields of mown and unmown
alfalfa and Sudan grass and sectors planted in grapes can be interpreted
amidst the gardens.

i} On photographs taken in the zone 0.5-0.55 and especially 0.72-0.82)m
these interpretation characteristics are difficult to make out or are not
- deternined at ali.

Thus, the use of data from a multispectral scanning system made it possible
with a high degree of detail to study the soil cover of an irrigated zone
of gray soils and the state of agricultural crops in a cotton-alfalfa

crop rotation.

204
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

"



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

FOR OFFICIAL USE ONLY

Chapter 7
MULTIZONAL SPACE METHODS FOR STUDYING THE SOIL COVER

During recent years a multizonal space survey has come into increasingly
broader use in the complex of aerospace methods for study of the earth's
natural resources, including the soil-vegetation cover. This is attribut-
able to the fact that using the photographs this method makes it possible
to determine both the geometrical and spectral characteristics of fea-
tures, It makes it possible to make a quantitative evaluation of soil and
agricultural features on the basis of their photoimage on photographs.

As a result of the carrying out of a multizonal space survey of the soil-
vegetation cover (depending on the number of selected spectral survey
zones) it is possible to obtain a series of black-and-white photographs
which carry information on the characteristics of spectral reflection of
soils and agricultural crops. During the flight of the "Apollo-9" the
survey was made using four cameras. In the first Soviet space multizonal
experiment on the "Soyuz-1:' use was made of nine zones; during flights
of the American ERTS satellite —— four zones: in the experiment with the
"Skylab" orbital station — 13 zones; with the "Salyut-4" orbital station
-~ three zones and a color film; in the joint "Raduga" experiment of the
USSR and the GDR in a survey from the "Soyuz-22" —- six spectral zones;
in flights of the "Meteor" experimental satellites -— four zones.

In the processing of a number of zonal (spectrally differentiated) photo-
graphs the spectral characteristics of the soils and agricultural crops,
manifested in a different tonality of the photoimage, are an important
additional interpretation criterion in comparison with an ordinary (in-
tegral) survey in one zone.

In order to increase the effectiveness of use of materials from a multi-
zonal survey it is of great importance to choose those spectral survey
zones in which the greatest differences are observed in the brightmness
characteristics of soils and plants. Another important problem is the de-
termination of soils and their properties, whose interpretation will give
the maximum effect in a definite spectral zone.

Interpretation of Soils from Multizonal Space Photographs Taken from
the "Soyuz-12" and "Salyut-4"
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A multizonal space survey from the "Soyuz-12" was made in September 1973
by the USSR flier-cosmonauts V. G, Lazarev and 0. G. Makarov. About 100
photographs of the earth's surface in different spectral zones were taken.

The multizonal survey was made using an apparatus constituting a nine-ob-
‘ jective three-channel camera. Using selective light filters the survey was
- made on three films of different spectral semsitivity -- 0.47, 0.54, 0.58,
0.64, 0.66 and 0.68 p m. Photographs synthesized in natural colors (Fig.
36, see insert) have high interpretation qualities.

Now we will give an analysis of the characteristics of soil interpretation
on the basis of space photographs taken in these six spectral zones of the

- territory of the Buzachi Peninsula and Tyub-Karagan -- the northern part of
the Mangyshlak Plateau. In the diagnostic interpretation of soils we used
medium- and small-scale soil maps of Kazakhstan.

~ On the photographs it is possible to interpret the Mangyshlak Plateau with

- gray-brown solonetz-like soils having a gray and light gray image tone and
gray-brown solonchak-like snils primarily of a dark gray and gray tone.
Except for the blue zone, these s0ils are readily differentiated from one
another in all the remaining spectral zones. Against the image background
of all these soils it is possible to see bright spots of solonchaks and
oval shapes of an almost black tone —~ lakes. In the marginal part of the
level limestone Mangyshlak and Tyub-Karagan Plateaus on the basis of a
dendritic pattern of a light tone it is easy to distinguish gullies. On

i the photographs from an uneven white band there is reliable interpreta-

- tion of a limestone bluff -~ the Severnyy and Yuzhnyy Aktau cuestas —-
and linear erosional dissection of the gentle slopes of cuestas with erod-
ed gray-brown solonchak-like soils and bedrock outcrops.

On photographs in all zones (except for 470 nm) it is easy to see a fea-
ture with a dark tone, the Karatau Range, extending from northwest to
southeast, consisting of dark—-colored metamorphic sandy-clayey rocks on
which chestnut soils have formed under a grassy-semidesert vegetation.

On the shores of the southern part of Mangyshlak Gulf sands were interpret-
ed on the basis of the almost white tone of the photoimage in all zones
(except for 540 nm and especially 470 nm, where the feature has a light
gray, almost gray image tone).

The Buzachi Peninsula is a slightly hilly plain with depressions having
internal runoff and eolian relief forms. On the basis of the photoimage
characteristics this territory can be clearly divided into two parts:
slightly and moderately saline with gray-brown solonchaks (tone of photo-
image dark gray) and highly saline with a high percentage of solonchaks

(tone of photoimage light gray, openwork pattern).

In tne green (0.54pim) and especially in the blue (0.47p m) zones there is
reliable differentiation of sands, having a light gray, almost gray tome,
- and solonchaks, which are characterized by an almost white image tone.
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In the remaining spectral zones they are characterized by a similar tone
(Kravtsova, Antonova, 1976).

Our investigations of the interpretability of the soil cover from multi-
. zonal photographs from the "Soyuz-12" indicated that for a reliable of-
fice determination of soils it is necessary to use photographs of not
less than three zones of the visible part of the spectrum (blue, green,
- red), since they visually (repeated three times) confirm the discrimina-
tion of one and the same soil units; at the same time, photographs of in-
dividual zones make it possible to discriminate soils with a similar
photoimage.

A multizonal space survey from the long-lived orbital station "Salyut-4"

was made in Jume 1975 by the USSR flier-cosmonauts P. I. Klimchuk and

V. I. Sevast'yanov. The photosurvey was made from an altitude of 340 km,

The scale of the original photographs was 1:4,200,000. One of the cameras

was used in color photography; the other three were used in making a

- black-and-white survey in three spectral zones: 0.5-0.6, 0.6-0.7, 0.7-0.8
pm. Later the photographs were enlarged to scales of 1:2,000,000 and
1:1,000,000 and space photographs in conventional colors were obtained
by optical synthesis from three initial black-and-white images.

We made an interpretation of the soil cover from these samples of multi-
zonal photoinformation at a scale of 1:1,000,000 with the use of small-
scale soil maps. Multizonal space photographs show the mountainous region
of the Central Tien Shan in the region of Lake Issyk-Kul'. On photographs
of all zones there is a contrasting (white tone) representation of the
high-mountain regions of the Kirgiz Range, Terskey-Alatau, Kungey-Alatau,
Zailiyskiy Alatau, covered with snow fields and glaciers. Adjacent to
these is a zone of mountainous meadow alpine and meadow-steppe subalpine
soils which was reliably interpreted from a color photograph, color syn-

B thesized and black-and-white photographs in the zones 0.5-0.6 and espec-
ially 0.6-0.7pim. On a black-and~white photograph in the zone 0.7-0.84
pm the image of the soil cover had a low contrast.

The next zone of mountain chernozems and mountain chestnut soils was better
interpreted from photographs (especially color synthesized photographs) on
the northwestern slopes of the Zailiyskiy Alatau. Color and black-and-
white photographs were used in determining the soil cover of the terri-
tory of the Internal Tien Shan, represented by mountainous chestnut and
mountain-lowland gray-brown soils. On the photographs it is easy to in-
terpret the Issyk-Kul' basin, bordered by ranges, with light brown and
gray-brown desert rubbly soils. In the territory of the Internal Tien
Shan, on the basis of the nature of the relief and tonal differences, it
was possible to determine intermontane depressions: Kachkorskaya, Dzhumgal’
skaya, Narynskaya. These basins, made up of unconsolidated Tertiary and
Quaternary sediments with mountain-lowland gray-brown soils, are the prin-
- cipal regions of irrigated crop cultivation in the analyzed territory.

- 207

g FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

On black-and-white photographs gray-brown desert soils are represented

by a light gray tone, on color photographs -- by a rosy-yellow tone and
irrigated sectors by a dark gray or greenish brown color. A high-mountain
depression with Lake Sonkel', with chestnut, meadow and moist meadow
soils,was represented on the photographs by a darker tone.

The territory of the irrigated zone of the Chuyskaya valley with gray-brown
irrigated soils, typical and irrigated gray soils, was interpreted on the
photographs from a multifield square-rectangular pattern of the photoim-
age of a dark gray tone or a greenish-brown color (on a color photograph).
The darkest unit of old irrigated meadow scils was clearly expressed
against the image background of these soils in the central part of the
valley.

A comparative analysis of different photographs obtained by optical synthe-
sis indicated that the best differentiation of the soil cover in the
mountainous part of the Internal Tien Shan and intermont basins was obtain-
ed from a photograph on which the zone 0.5-0,6ilm had a blue color, the
zone 0.6—0.7Mm had a green color and the zone 0.7-0.84 )A,m had a red

color.

Interpretation of Soils and Vegetation from Multispectral Space Photographs
from the "Landsat" ERTS

In the investigation of the earth's natural resocurces from space a special
place is occupied by the United States specialized resources satellite
ERTS. Its use for the first time made it possible to ensure, with a good
resolution (80-100 m), a systematic multizonal survey of the entire earth
and accomplish routine transmission of images to ground stations. In the
very first years of operation of this satellite in the United States there
were 550 requests from different countries for the collection and process-
ing of materials from the ERTS satellite. With each passing year these
photographs are being used more and more extensively for study of the
earth's natural resources.

In investigations of the agricultural use of lands in the state of Texas
in the United States on the basis of January and May photographs taken
from the "Landsat-1" a study was made of the type of agricultural crops,
moistening conditions, soils, arezs of fields, degree of their projective
coverage and height of the crops. In the machine interpretation of the
extent of the fields, beginning with 6 hectares, and the differences in
soils, the best result was obtained when using data in the zones 0.6-0.7
and 0.8—1.1PLm. Similar results were obtained using materials from January
and May flights. In the territory of irrigated regions in the United States
irrigated agricultural crops were interpreted using photographs from the
"Landsat-1" for the July survey period amidst unirrigated crops and clean
fal'~w. Corn, sugarbeets and alfalfa were clearly determined. "Landsat"
images make it possible to compile maps at a scale of 1:250,000 or less,
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to determine irrigated and unirrigated lands, pastures, swamps, individ-
- ual types of agricultural crops, main types of soils, distribution of

eroded lands, etc. The seasonal development of sown crops is traced

from them.

The information ohtained from the multizonal photographs from the ERTS

differs greatly in dependence on the spectral zone and the season of the

survey. Photographs of 9 October and 20 December 1972 were analyzed for

the territories of the Vosges and Alsace valley. The green zone (0.5-0.6

- m) is poor for the study of natural resources. The zone 0.6-0.7{ m was
effective for the study of vegetation. The most precise and diversified
information on the nature of relief and the vegetation cover was obtained
in the zone 0.7-0.8p-m. Meadows in moistened valleys and cultivated land
on loessial rocks were clearly discriminated. On photographs in the zone
0.8-1.1yum on the basis of the change in the gray zome it was possible to
discriminate sandstones from limestones and alluvial deposits.

Photographs of the territory of British Columbia (Canada) from the ERTS
indicated that in the zone 0.8—1.1PLm moistened soll surfaces differ
sharply from sectors of dry soils covered with vegetation.

In the zones 0.5~0.6 and 0.6-0.7pm forests were clearly differentiated
with respect to age composition out moist meadows could not be distinguish-
ed from pastures.

= Meadows and pastures were reliably determined in the zones 0.7-0.8 and 0.8-
- 1.1 m.

In a study of the territory of unexploited lands on photographs from the
= ERTS it was established by American specialists that the zone 0.5-0.6p.m
- was most effective for the interpretation of roads and river valleys and
the zone 0.6~0.7 (L m for the study of agricultural crops, pastures and
forests. Cultivated lands and water showed up best in the zone 0.8—1.1}Lm.

Thus, images from each channel give different information on the terrain
and together a number of channels supplement one another. As a result,
the volume of information becomes so great that the need arises for using
electronic computers for its processing.

A number of photographs from the ERTS satellite were taken over the terri-
tory of the USSR. Using these photographs we investigated the possibility
of interpretation of the soil cover of the desert and steppe zones and as-
certained the most promising spectral ranges for studying soils. Now we
will examine space photographs of the Fergana valley obtained using a
multispectral scanning apparatus from the ERTS-1 satellite. This apparatus
operated simultaneously in four spectral zones: 0.5-0.6, 0.6-0.7, 0.7-0.8,
0.8-1,1pm; the survey was made on 24 June 1973 from an altitude of about
900 km (Fig. 37). ’
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Fig. 36. Color space photograph syn-
thesized in natural colors. Multizonal
survey of territory of Tyub-Karagan Pen-
insula from "Soyuz-12" spaceship made in
September 1973. Soils: 1) chestnut; 2)
gray-brown solonchak-like; 3) gray-brown
solonetz-like; 4) gray-brown solonchak-
like eroded soils with bedrock outcrops;
5) solonchaks; 6) sands.
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Fig. 37. Space photograph of the Fergana valley obtained from the ERTS-1 in
the spectral zone 0.6-0.7p m and interpretation of the soil cover from it.
Survey time ~- summer. 1) typical gray soils, light gray soils and meadow-
brown soils of Tertiary highlands; 2) irrigated gray soils and meadow-gray
soils; 3) irrigated meadow gray soils and meadow boggy:soils; 4) gray soil
sands, solonchaks and meadow soils; 5) mountain gray soils; 6) mountain
cinnamon soils; 7) mountain meadow-steppe soils.

An analysis of the photoimage of the soil cover on these space photographs
indicated that mutually supplementing results (Table 41) were obtained
when using three spectral zones: 0.5~0.6, 0.6-0.7 and 0.8—-1.1’_;.m.

From a space photograph taken in the zone 0.6-0.7 )b m we reliably inter-
preted the Fergana valley, surrounded by mountain ranges. In the mountains
it is easy to see erosional dissection of individual slopes and the valleys
of mountain rivers. Here there was formation of mountain gray soils, moun-
tain cinnamon and mountain meadow-steppe soils, whose gradual replacement
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with altitude results in a vertical zonality of the soil cover in the an-
alyzed territory.

South of the Fergana valley the high-mountain part of the Alayskiy Range
- with mountain weadow-steppe soils is masked by clouds and is not interpret-
ed from the photograph. Mountain cinnamon soils are represented by a dark
gray tone where there are a great many short ridges dissected by erosion.
- In the lower zone there are mountain gray soils which on a space photograph
have a light gray and gray tone. This is the territory most deeply dis-
sected by erosion, showing up clearly on the photograph.

The next zone of of undulating foothills (adyry, foothill pldains and also
depressions between ridges) comnsists of typical gray snils, "‘Tight gray
soils and gray-brown soils. Their surface is intersected by dry gullies,
ravines and many rivers forming with the emergence of alluvial cones into
the valley. On a space photograph these soils are represented by a light
gray tone of a uniform pattern. A somewhat greater detail of the photoim~
age of these soils with respect to differences in moistening of the sur-
face and its dissection is visible on space photographs taken in the zomes
0.5-0.6 and 0.8—1.1!;111.

The irrigated zone of the Fergana valley stands out very sharply from the
- remaining mountainous and foothill parts due to the mottled multifield pat~
. tern of the photoimage of a gray tone with dark small rectangles of an ir-
regular configuration. This is a typical reflection of the agricultural use
of lands in this particular territory, for which a cotton-alfalfa crop ro-
tation is characteristic. Predominating gray and light gray tones are char-
- acteristic for the image of cotton fields on irrigated gray soils, meadow-
gray soils and meadow-boggy soils. Small rectmingles of an irregular config-
uration of a dark tone correspond for the most part to the image of fields
occupied by alfaifa and also gardens. From the photoimage pattern it is
easy to interpret the alluvial cones of rivers on which irrigated gray
soils and meadow-boggy soils are interpreted from the darker general image
background of the irrigated zone of the Fergana valley. In the central part
of the valley, adjacent to the western frame of the space photograph, it is
easy to see an area with a light gray tone with a uniform pattern corres-
- ponding to the image of gray soil sands and meadow solonchaks.

With respect to the general nature of the photoimage and the degree of in-

terpretability of the soil cover the considered space photograph in the

zone 0.6-0.7jm 18 close to a photograph obtained in the range 0.5-0.6 pum.

Among the characteristics of this photograph we note a better contrast in
= the image of irrigated meadow-gray soils and meadow-bog soils.

A space photograph in the zome 0.8-1.1ftm is characterized by poor detail
for mountain regions and a poorer contrast between the irrigated part of
the Fergana valley and the foothills. The fields occupied by alfalfa and

gardens appear on thisz photograph in a light tone, less clearly conspic-
uous against the general gray image background of fields occupied by cotton.
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In addition, the hydrographic network —- rivers and reservoirs -- is very
clearly visible on this photograph. The joint use of three space photo-
graphs taken in different spectral zones made it possible to obtain the
most complete and objective information on the soil cover of the Fergana
villey.

Th eastern part of the Fergana valley and the mountain ranges surrounding
it were photographed from the "Soyuz-22" while carrying out the "Raduga"
multizonal space experiment in mid-September 1976 (original scale of photo-
graphs about 1:2,000,000). These photographs and a soil map of the terri-
tory at a larger scale were used in studying the interpretability of the
soil cover in six zomes of the electromagnetic spectrum: 0.48, 0.54, 0.60,
0.66, 0.72 and O'SZP“ m. In the course of our investigations the collected
data were compared with the results of interpretation of the analyzed ter-
ritory from multispectral photographs from the ERTS. The results of the
comparative analysis revealed the following.

In the zone 0.48pm there was a better image contrast between the mountain~
- ous part of the territory with mountain cinnamon and mountain-steppe soils,
N on the one hand, and gray soils and gray-brown soils,, soils of the foot—
hills and eroded highlands, on the other. In all four zones of the visible
part of the spectrum, but with particular contrast in the red (0.66rm)
zone, there was a boundary contrast between the unirrigated gray soils
(1ight gray tone) and the irrigated sectors of gray soils ard meadow-gray
soils (dark gray tone). In the red zome of the spectrum it is also easier
to see the difference between old and new irrigated lands.

In all four zones (0.48, 0.54, 0.60 and 0.66}»11:) cotton fields appeared
- gray or dark gray and plowed fields corresponded to a light gray, almost
white tone due to a low content of humus and a high content of carbonates
in the upper cultivated horizoms of gray sodils. The most inexpressive image
of the soil cover was obtained on a photograph in the near-IR zone (0.72
pm), except for individual more moistened sectors of irrigated gray soils
and water bodies. On a photograph in the IR zone (0.82}4 m) it was easy to
see (dark gray, almost black tone) water bodies. Cotton fields had a
light gray and gray tone; plowed fields had a light gray tone. On a photo-
graph in the IR zone within areas of irrigated goils there is a consider-
ably greater differentiation on the basis of tonality (depending on soil
moistening) in comparison with photographs in the visible zone of the
spectrum.

_ A comparison of these interpretation results with data obtained from the
ERTS satellite revealed a difference in the photoimage of irrigated soils
and fields of cotton in dependence on the differemt survey seasons (late
June in one case and mid-September in another). In addition, unirrigated
soils -- gray soils and mountain cinnamon soils —- had a similar image.
In general, the soil-vegetation cover on multizonal photographs taken
from the "Soyuz-22" showed up more differentiated than on the multispec-
tral photographs of the ERTS satellite.
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On multizonal space photographs taken from the ERTS satellite in the region
of the Tsimlyanskoye Reservoir it is easy to see the territory of the
steppe zone, considerably exploited in agricultural respects. The survey
was made on 11 June 1973, Our investigations of the space photographs in-
dicated the following.

The photographs are characterized by a mottled square-rectangular pattern
of different tone corresponding to the image of fields with different agri-
cultural crops. This pattern is especially clearly expressed on a photo-
raph. A photograph in the zone 0.5-~0.6ym is characterized by a poor image
contrast of the fields. In the IR zone (0.7-0.8 and 0.8-1.lum) the photo-
graphs had a similar image and in the work only the latter of these was an-
alyzed. In the IR zone (0.8-1.1p.m) all the fields which in the zones 0.5-
0.6 and 0.6-0.7u m had a dark gray and gray tone, became light gray, almost
white in tone. River channels and sectors of irrigated solls are interpret-
ed due to their almost black tone against the general light gray image
background, standing out very sharply. On photographs in the visible zone
(0.5-0.6 and 0.6-0.7F.m) river channels and irrigated fields are not inter-
preted. With respect to photoimage they are similar to the surrounding ter-
ritory.

On photographs taken in the zone 0.6-0.7# m it is easy to trace the differ-
ent exploitation of southern chernozems, chestnut and light chestnut soils
for the purposes of agricultural production. The nature of agricultural
exploitation was taken into account in the interpretation of the soil cover
from space photographs. It should be noted that it is difficult to inter-
pret the soils of this region through the mottled image of the fields. Ex~
ceptions were alluvial meadew (dark gray tome in the zone 0.6-0.7pm) and
alluvial meadow solonetzlike soils (light gray and gray tone). In all zones
there was reliable determination of areas of chestnut sandy loam and con-
solidated sands.

Thus, our experience in the use of multizonal space photographs obtained
from the ERTS for study of the soil cover of the steppe and desert zomes
indicated the following.

In the interpretation of the desert zone space photographs in the zone 0.5~
Q.éfbm for the early summer survey period were successfully used in dis-
criminating areas of irrigated meadow-gray and meadow-bog soils amidst
irrigated gray soils.

Photographs in the zone 0.6-0.7 pvm for the territory of the steppe and
desert zones are the most contrasting with respect to the photoimage of

the soil cover and areas of agricultural crops.

On photographs in the zone 0.8-1.1{m it is easy to see river channels along
which there 1is reliable determination of alluvial soils; in the steppe zone

amia-.: unirrigated areas of cultivated lands there is reliable interpreta-
tion of irrigated fields on these photographs.
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In general, for objective interpretation of the soil cover and agricultur-
al crops it is necessary to use &pace photographs in all three considered
zones of the electromagnetic spectrum.

Interpretation of Soils and Vegetation from Multizonal Space Photographs
from "Soyuz-22"

- An experimental flight of the "Soyuz-22" spaceship took place during the

- period 15-23 September 1976 under the program of cooperation among the
socialist countries in the field of use of space vehicles for study of
the earth's natural resources. During the flight of the flier-cosmonauts
V. F. Bykovskiy and V. V. Aksenov a survey was made of the earth's sur—
face using the MKF-6 multispectral camera. The idea of the new multizonal
method was based on the possibility of measuring the intensity of radia-
tion of features on the earth's surface, including soils and agricultural
crops, simultaneously in several narrow spectral zones.

On the basis of study of the spectral characteristics of 2,000 surface fea-
tures the specialists of the Space Research Institute USSR Academy of Sci-
ences, who participated in the development of the MKF-6 camera, for the
survey selected six spectral zones (four in the visible region, two in the
IR spectral region). By means of a new instrument, developed by special-
ists of the USSR and GDR, the MSP-4 synthesizer, multizonal black-and~
white photographs can be synthesized into an integrated color image. The
scale of the original photographs is ~1:2,000,000. The high resolution

of the photographs makes it possible to use them to determine and analyze
sectors measuring 1 hectare. In order to improve the interpretation of

the soil cover it is desirable to use photographs enlarged 4-5X in com~
parison with the original (measuring 55 x 80 mm). With an enlargement 5%
the image quality of the soils does not worsen.

In the diagnostic interpretation of soils from multizonal space photo-
graphs from the "Soyuz-22" for the territory of the semidesert and forest
zones we used (for the investigated region) soil maps at medium and small
scales.

The objective of the investigations included, first of all, a study of the
possibilities of determining soils from photographs of different spectral
zones and determining the most promising of these, and second, use of
multizonal photographs for the purposes of soil mapping and improving
existing soil maps.

One of the sectors surveyed using a multizonal camera covered the terri-
tory of southeastern Kazakhstan -- the northenstern slopes of the Dzhun-
garskiy Alatau and the tectonic depression w.i:h Lakes Alakol' and Sasyk-
kol'. In the analysis of the soil cover use was made of multizonal double
negatives, double positives, original space photographs and those enlarged
3%,
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On the multizonal photographs (with particular contrast in the red zone)
it was possible to interpret the upper parts of mountain ranges with
snowfields and mountain meadow alpine and subalpine soils, The northern,
more low-lying ranges of the Dzhungarskiy Alatau consisted of mountain
leached and podzolized chernozems, whereas their marginal parts were
characterized by mountain chestnut soils. The slopes were incised by a
great number of relatively short mountain rivers. As a result, on the

- photographs the photoimage of the mountainous part has a complex struc-

tured—dendritic pattern.

Intermont basins occupied by chernozems and chestnut soils were success-
fully interpreted from the photographs. The mountains drop off (along

a fault) sharply, linearly, in a northward direction, in the direction
of the Alakol'skaya depression. The surface of the depression consists
of a thick stratum of unconsolidated alluvial, proluvial, lacustrine
and eolian deposits of Quaternary age. A complex soil cover was formed
on them with a transition from chestnut soils in the foothill sector to
gray-brown desert and gray soils. A considerable area of the depression
is occupied by a sandy desert. In the neighborhood of the lake there are
meadow-gray soils, meadow solonchak soils, solonetz and solonchak soils
and meadow swamp soils on the photograph having a complex spotty image
pattern of different tonality.

In places where mountain rivers emerge onto the plain, from the image
form on the photographs it is easy to interpret present-day and more
ancient alluvial fans with meadow~gray soil irrigated areas. The marginal
part of alluvial fans has a mottled, spotty pattern with serrated edges.
Meadow solonchak-like, meadow-swampy, meadow solonchak-like solonetz
soils and meadow solonchak soils were formed here.

An investigation of the soil cover of the territory of southeastern Kaz-
akhstan on the basis of multizonal photographs indicated the following.

Photographs in different spectral zones mutually supplement one another
with respect to better and more complete representation of the soil cover.
Table 42, for different spectral zones, gives data on the boundary con—
trast of soils of the analyzed territory with respect to solonetz-solon-
chak soils, on the photographs having an almost white tone of the photo-
image. Table 43 gives the interpretability of a number of bordering soils
on multizonal photographs. An analysis of the photographs and the data in
these tables show that in the blue zone the soil cover is interpreted well,
showing up with good contrast. The difference between light chestnut sandy
loam and chestnut soils, gray-brown desert and moist sands, mountain chest-
nut and mountain chernozew soils is apparent. On photographs in the red
zone it is easier to see the difference between the mountain ranges and
the leveler sectors of slopes; there is a greater contrast of meadow-
swampy soils, differences in soils of sandy deserts, etc. Only on an IR
photograph amidst meadow-gray irrigated soils was there a clear determina-
tion of the areas of alluvial-meadow soils and lake sectors could be de-
tected amidst meadow-swampy soils.
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Fig, 39. Diagnostic spectral curves of soils in Caspian area obtained from
multizonal space photographs. Survey made with MKF-6 camera from "Soyuz-22."
A) from contact prints; B) from double negacives, reduced to real exposure,
taking into account optical wedge correction; C) from double negatives, with
allowance for optical wedge correction, solar altitude, distance of analyzed
soil from center of photograph and true exposure for each survey channel; D)
from double negatives with allowance for all corrections (enunerated above)
and atmospheric correction. Soils: 1) saline solonchaks; 2) brown desert-
steppe solonchak-like sandy loam soils on greenish~gray new Caspian depos-
its; 3, 4) brown desert-steppe solonetz-like sandy-loam soils on red-brown
sands; 5) alluvial meadow-swampy solonchak-like soils; 6) swampy coastal
solonchak-1like soils (with overgrowths of reeds). (1), (2), (3), (4), ),
(6) are spectral zones.

An analysis of the reliability of interpretation of the soil cover from mul-
tizonal space photographs shows that the interpretability of more than 60%
of the soil units is better than average on photographs in the blue, red
and IR (820 nm) spectral zones (Table 44). The lowest interpretability of
soll cover was noted on photographs in the IR (720 nm) zone: on these pho-
tographs more than 80% of the soil units were poorly determined or not
interpreted at all. The results of interpretation of soils in the analyzed
territory from space photographs were finalized in the form of a sample

soil map and were compared with the available map.
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Fig. 40. Spectral soil reflection curves (according to Ye. L. Krinov) ob-
tained under surface conditions: 1) sand (dry); 2) reeds (bright green),
swampy soil; 3) sandy loam (dry) soil; 4) swampy (very moist) soil.
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Fig. 41. Spectral soil reflection curves for samples from Caspian Lowland

(Ural and Emba interfluve). Soils: 1) alluvial meadow-swampy solonchak-like

clayey loam; 2) alluvial meadow solonchak-like clayey loam; 3) meadow solon-

chak-like solonetz soils; 4) brown desert-steppe solonetz-~like sandy loam

solls on red-brown sands; 5) meadow solonchak-like sandy loam soils on

- greenish-gray new Caspian deposits; 6 and 7) brown desert-steppe solonchak-
like sandy loam soils on greenish-gray new Caspian deposits; 8) saline sol-
onchaks. (1), (2)... spectral zones for survey with MKF-6 camera.

Still another set of six black-and-white multizonal space photographs taken
while carrying out the "Raduga" experiment was investigated for Western Kaz-
akhsan -~ southeastern part of the Caspian Lowland. In the diagnostic
interpretation of soils use was made of medium-scale soil maps of the
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KEY TO FIGURE 42

Soils: 1) brown desert-steppe solonetz-like; 2) brown desert-steppe solon-
etz-like and salina solonchaks; 3) brown desert-steppe solonetz-like, sol-
onetz and salina solonchaks; 4) brown desert-~steppe solonetz-like, solon~
etz and salina solonchaks (20%); 5) brown desert-steppe solonetz-like,
saline solonchaks and solonetz; 6) brown desert-steppe solonetz-like, sal-
- ine solonchaks (50%), solonetz; 7) brown desert-steppe solonchak-like,
brown desert-steppe solonetz-like and saline solonchaks; 8) brown desert-
steppe solonchak-like and saline solonchaks; 9) brown desert-steppe solon-
chak~like, solonetz and salina solonchaks; 10) salina solonchaks, brown
desert-steppe solonchak-like and solonetz; 11) salina solonchaks, solonetz
and brown desert-steppe solonchak-~like; 12) meadow solonchaks; 13) salina
- solonchaks; 14) coastal solonchaks; 15) meadow solonchak-like, brown desert
~steppe solonchak-like and salina solonchaks; 16) meadow solonchak-like
p | and meadow solonetz; 17) meadow solonchak-like, meadow solonetz and salina
solonchaks; 18) meadow solonchak-like, watershed meadow and meadow-swampy
solonchak-like and salina solonchaks; 19) meadow solonchak-like, watershed
meadow solonchak-like and salina solonchaks; 20) meadow solonchak-like
coastal and coastal solonchaks; 21) coastal solonchaks and meadow coastal
solonchak~-1like; 22) coastal solonchaks, meadow solonetz and meadow svulon-
chak-like; 23) meadow-swampy solonchak-like; 24) swampy coastal solonchak-
like; 25) meadow coastal solonchak-like and swampy coastal solonchak-like;
26) meadow and swampy coastal solonchak-like and coastal solonchaks; 27)
alluvial meadow solonchak-like; 28) alluvial moist-meadow solonchak-like;
29) alluvial meadow-swampy solonchak-like; 30) alluvial meadow, moist mead-
ow and meadow-swampy solonchak-like; 31) alluvial moist-meadow and meadow-
swampy solonchak~like; 32) alluvial meadow solonchak-~like and moist meadow
solonchak~1like; 33) alluvial meadow and moist meadow solonchak-like and
solonchaks; 34) alluvial meadow-swampy solonchak-like and moist-meadow
solonchak-1ike; 35) alluvial meadow and meadow-swampy solonchak-like; 36)
alluvial meadow and meadow-swampy solonchak-like and solonchaks; 37) al-
luvial meadow solonchak-~like, brown desert-steppe solonchak-like, meadow
solonetz and solonchaks; 38) alluvial meadow solonchak-like (20%), brown
desert-steppe solonetz-like and solonchaks; 39) alluvial meadow solonchak-
_ like (20-307%), brown desert-steppe solonetz-like and solonchaks; 40) al-
luvial meadow solonchak-like (more than 30%), brown desert-steppe solonetz-
like and solonchaks; 41) sands and salina solonchaks; 42) sands and brown
desert-steppe solonchak-like; 43) sands, brown desert-steppe solonchak-
like and salina solonchaks; 44) sands, salina solonchaks and brown desert—
steppe solonetz~like; 45) brown desert-steppe solonchak-like, salina sol-~
onchaks with participation of sands (10%); 46) salina solonchaks, brown
desert-sceppe solonchak-like with participation of sands (10%); 47) salina
solonchaks with participation of sands (10%).
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: Fig. 43. Color synthesized space photograph of territory of poorly drained

B watersheds of Central Yakutian Plain and floodplain of Vilyuy River taken
from "Soyuz-22" and interpretation of soil cover from it (autumn survey per-
iod 1976): 1) straw—colored taiga solodized permafrost heavy clayey loam
soils, taiga solods, meadow-swampy permafrost (up to 90%) and lenses of vein
ice under moist larch taiga; 2) straw-colored taiga solodized permafrost
heavy clayey loam soils, taiga solods, meadow-swampy permafrost (40-50%) and
lenses of vein ice under moist larch taiga; 3) straw-colored taiga solodiz-
ed permafrost clayey loam soils, straw-colored taiga permafrost, soddy-mead-
ow and meadow-swampy permafrost under moist larch taiga; 4) straw-colored
taiga permafrost light clayey loam and sandy loam soils and soddy-meadow
permafrost soils under larch taiga; 5) straw-colored taiga permafrost soils

. with participation of eroded and soddy-meadow permafrost soils under.pine

i larch taiga; 6) soddy forest permafrost soils, straw-colored taiga solod

! permafrost soils, meadow-swamp permafrost soils under pine-larch taiga; 7)

soddy forest permafrost sandy soils, straw-colored taiga solodized
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- [Caption to Fig. 43 continuad]

permafrost, meadow-chernozem, taiga solods, meadow-swampy permafrost solls
and sands under pine-larch taiga; 8) meadow-swampy permafrost taiga solods
("alasy"); 9) straw-colored taiga solodized permafrost light clayey loam
soils, meadow-chernozem: gol ~1ike permafrost soils and swampy perma-
frost soils; 10) straw-colored taiga solodized permafrost, taiga solods,
meadow—swampy permafrost soils and spots of sulfate-soda solonchaks; 11)
alluvial-meadow, meadow solodized and meadow-swampy permafrost soils; 12)
alluvial-meadow and meadow-swampy: permafrost soils; 13) alluvial primitive
sandy soils. : : o
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Kazakh SSR and field reconnaissance investigations were made. The space
survey was made at the original scale (about 1:2,000,000) on 12 September
1976. In the soil cover analysis use was made of double negatives and

- double positives, original (Fig. 38) space photographs enlarged by a fac-
tor of three, as well as an enlarged synthesized color photograph obtained
from four zones (0.48, 0.54, 0.66, 0.82p m) with an MSP-4 instrument.

Table 44

Evaluation of Reliability of Interpretation of Soil Cover from Multizonal
Space Photographs (Positive Film) of Southeastern Kazakhstan. "Raduga"
_ Experiment. Survey Time 17 September 1976

9 Keauyectao 10URRHIKIX KOKTYDPON 8 30HAX cneKkTpa (A B M)

7 wwbpakpacuon

Crenent femudpupyemocts cuelt Jenewol | opamme- | kpacroft
noun (B OTHOCATENLIULIX (480) (540) polt {600) 660)
eAHANIAX) 3 4 5 6 (720) (820$)

ead % eu.l % |en. | % m.| % len. | %|en | %

9 Koutypu ue newndpupy-| 9 18,70 9 {18,7| 8 }i6,7| 9 [18,7] 13 |28,1 6 [12,5
J0TCA  HAK  OMpPeAeNnsIoT-
ca comuuTensio (0—2)

10 CaraGan (3—5) 8116.7] 9 18,7} 11 ,01 918,71 26 154,2] 12 [25,0
11 Cpeansa (6—10) 14 |29,2( 23 148.0| 21 |43,6] 20 (41,7 8 |18,7} 24 |50,0
12 Xopoman {11—20) 15 (31,2 7 (14,6 816,74 8 |16,7) — | — ) 6 |25
13 Pesxan (21—30) 2149 — | —|——1 2|4, -} —1—}| -
14 Bcero Koutypos 48 {100 | 48 {100 | 48 |100 | 48 |100 | 48 |100 | 48 {100

KEY:

1. Degree of interpretability (in relative units)

2. Number of soil units in spectral zones ( A in nm)

3. Blue

4. Green

5. Orange

6. Red

7. IR

8. Units _

9. Units not interpreted or interpreted doubtfully
10. Weak . I
11. Medium
12. Good
13. Sharp
14, Total number of units

We obtained a considerable effect in the study of soil and agricultural re-
sources from color and synthesized space photographs due to the possibil-
ity of detecting from the color on them those natural features which
are necessary for analysis., For example, from a space photograph synthe-~
sized using the MSP-4 instrument for the Caspian area (interfluve of the

- Ural and Emba) it was easy to discriminate lands of different quality.
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| The first and second terraces of the Caspian Sea are interpreted first.
The first lower flat sea terrace of the Caspian consists of recent new
Caspian deposits of a greenish-gray color with a great amount of coquina.
Ground water of a magnesian-sodium chloride salinization with a mineral-
ization of 150-180 g/liter of dry residue was situated at a depth of 0.5-
; 3 m. The soils are weakly developed. Extensive areas of land were occupied
i by sodium chloride coastal solonchaks on the south adjoining the Mertvyy
: Kultuk salina, constituting an extensive sandy-salina plain -- the former
bottom of Zaliv Komsomolets. The lands of the first terrace of the Cas-
; pian were covered with a thin wormwood-Russian thistle vegetation and in
economic respects constitute pastures of low productivity.

Table 44a

Coefficients of Spectral Brightness of Soils (Blue Zone)

bBea yyeta atmocheps
\ e e———— S 1 T
Tlounut E,,’,",‘;’,,',Z;,‘N no E. J1. | no 10. C. ::nek'?pa::'bmx
Kpuiony , | Toavea~ | kosidmunenros
1 2 4| Hukony §
! 7 Conowuak 0,32 — 0,25 0,07
i 8 bBypan nycrwHuo-crennan cynecuanasn | 0,20 - 0,17 0,09
! 112 3CNCHOBATO-CEPLIX OTAOKCHHAX
: O Bypas RyCTHHHO-CTCMNIZR cynecyaHasn 0,20 0,12 0,11 0,08—0,00
: Ha KPacHo-GYPHX OTAOKERHSX
- 10 AsmophaibHas Ayropo-GoaoTnan 0,15 0,04 0,04 0,1
: 11 Dosomnas {c 3apocasiMn Kamuiiia) 0,16 0,05 0,05 0,11

1. Soils

: 2, With allowance for atmosphere

i 3. Without allowance for atmosphere

4, According to Ye. L. Krinov

5. According to Yu. S. Tolchel'nikov

6. Difference in spectral coefficients

7. Solonchak

- 8. Brown desert-steppe sandy loam on greenish-gray deposits
9. Brown desert—steppe sandy loam on red-brown deposits
10. Alluvial meadow-swampy

11. Swampy (with overgrowths of reeds)

The lands of the second terrace of the Caspian reveal a sharp differentia-
tion of relief, soils and vegetation, There is clear interpretation of
sectors with well-developed crested relief of so-called "berovskiye" hills.
The peaks and slopes of crests and ridges of a northeasterly direction con~
sist of brown desert—steppe solonchak-like spils with wormwood-mixed grass
b associations; in the depressions there are numerous solonchaks (salinas).

Two large anomalies can be seen against a general greenish-blue photoimage
of brown desert—steppe solonchak-like soils, solonetz soils and solonchaks,
formed on greenish-gray material of light mechanical composition. It is
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easy to see the annular Dossorskaya structure, for the first time dis-
covered from space photographs. In the relief it constitutes a slightly
uplifted undulating plain with brown desert-steppe soils, frequently sol-
onetz-like, formed on red-brown sandy material. The second maior anomaly
is associated with the image of sectors of reddish-brown sandy soills of
the Prikaspiyskiye Karakumy.

Table 45

Evaluation of Reliability of Interpretation of Soil Cover from Multizonal
Space Photographs (Positive Film) of Southeastern Part of Caspian Lowland
"Raduga" Experiment. Survey Time 12 September 1976

9 Konuuectro nounenntix KONTYPOR B 30HAX CiekTpa (B A M)

nadpakpactof
Crenens Acwnppupyemoctit 7 wadp

1104R (B OTHOCHTEALItNX c(;«gsf,l 3?2:3)0“ ;Fna';m" K‘}%};;’n
CARRNLAX) 5 6 720 820
1 anl % eA.l % cn.l% eA.I % en.l % en.| "%
9 Kontypu ne acmmpupy-| 4 81 1 2] 2] 4 2 41 7| 14} --
0OTCA WK onpcaensior-
cn comuntensio (0—2)
; 10 Caatan (3—5) 8( 16| 5| 10/101 2 9| 1833/ 66[ 13| 2
11 Cpenuns (6—10) 151 3025 650|241 48f 22| 44} 10| 20| 34| 68
12 Xopomas (11--20) 161 32171 34|12 24|16 32} — | —| 3 6
13 Peakan (21—30) 71 14] 2 41 2 41 1 2 — | —| =] —
14 Bcero koutypes 50 | 100} 50 {100 50 [100] 50 [ i00| 50 | 100| 50 | 100
KEY:
1. Degree of interpretability (in relative units)
2. Number of soil units in spectral zones (in A nm)
3. Blue
4, Green
5, Orange
6. Red
7. IR
8. Units
9. Units are not interpreted or are determined doubtfully
10. Weak
11, Medium
12, Good
13. Sharp

14, Total number of units

On a space synthesized photograph on the basis of the meander-ox-bow lake
and delta form of a reddish-cinnamon, greenish-brown and almost black col-
or there is reliable determination of alluvial-meadow and meadow~swampy
floodplain and delta soils, of the different degree of salinization of
soil along the Ural and Emba soils. The vegetation cover here is repre-
sent. ' by solonchak-wormwood-mixed grass associations, grass-mixed grass '
- and meadow vegetation with the participation of sedge, reedgrass, quack
grass and sweetclover, and on low-lying meadows with excess moistening -~
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cattails, reeds, rushes. These lands constitute .the most valuable pasture
and haying resources of this region.

In the coastal sector of lands of the ancient Ural delta a band of a red-
cinnamon color (width 4-5 km and extending eastward from Gur'vev up to
100 km) there were meadow and meadow-swampy saline coastal soils with
overgrowths of reeds, constituting an important area for industrial ex—
ploitation.

In our investigations of the soil cover of the Caspian territory from multi-
zonal black-and-white space photographs we used the visual-instrumental
method for the processing of photographs with the use of the "Macbeth"
optical-electronic densitometer. Using this instrument, operating in re-
flection and transmission regimes, repeating each procedure five times, we
ascertained the optical densities D (brightness) for the soil image on a
series of multizonal photographs and their double negatives.

The "spectral image" curves for soils in the Caspian territory obtained us-
ing these materials are given in Fig. 39; the spectral curves of soils ob-
tained from contact multizonal prints are given in Fig. 39A. They have an
approximate nature because they do not take into account the differences

in light scattering characteristic for each of the spectral zones. Figure
398 shows the curves of spectral brightness of soils in relative units ob-
tained from double negatives, reduced to the real exposure, taking into ac~
count the optical wedge correction. The construction of these curves does
not require complex computations. They correctly reflect the "spectral im-
age" of each soil, but do mot allow their quantitative evaluation. Figure
39C shows curves of the spectral brightness coefficients for soils obtain-
ed from double negatives, taking into account the optical wedge correction,
corrections for solar altitude, distance of the analyzed soil from the cen~
ter of the photograph and the true exposure for each survey charnel.

An analysis of. these curves indicated that for all soils there is a charac-
teristic quantitative spectral image., There is a general rise of the curves
from the green to the IR zone, but not so sharply expressed as for vegeta-
tion (reeds). In the blue spectral zone some rise in the curves is asso~
ciated with an increase in atmospheric brightness.

It is known that in a survey from space through the atmospheric layer the
brightness of haze is superposed on the brightness of features. The "lum-
inescence" of haze exerts a strong effect on the light-sensitive film lay-
er, especially sharply expressed in the blue spectral zone. In order to
take this influence into account and compute the correction for the atmo-
sphere we compared the coefficients of spectral brightness of soils, deter-
mined with and without allowance for the atmosphere, using data from a
field spectral survey (Table 44a).

Using the data in Table 44a it is possible to determine the mean correction
factor (K;) for the atmospherc —- the spectral brightness of soils (for the
blue zone), equal to 0.09.
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For light-colored soils (solonchaks, brown desert-steppe soils and others)
it is less; for dark-colored soils (meadow-swampy soils, etc.) the influ-
ence of the atmosphere was stronger and the coefficient was larger.

Diagnostic spectral curves for soils (Fig. 39D) were constructed with al-
lowance for this correction for the atmosphere and all the above-mention-
ed corrections (optical wedge, solar altitude, distance of the analyzed
soil from the center of the photograph, etc.).

Fkkekkkk

These spectral curves, obtained as a result of processing of six multizonal
films (Fig. 39D), were compared with the spectral curves of some similar
soils obtained by Ye. L. Krinov in the field (Fig. 40). Their analysis in-
dicated that the curves for these soils are similai. We note from the
peculiarities of these curves that solonchaks and dry sands show up on the
photographs in a light tone and have similar spectral curves. However, in
the blue zone sands reflect less light and their brightness coefficient is
lower. Reeds, according to data published by Krinov, are bright green and
their curve in the IR region rises steeply upward; under our conditions
(with a survey in autumn) reeds are less bright green and the curve in the
IR zone does not rise so high.

The spectral curves for dry sandy loam and very moist swampy soil, obtained
under ground conditions and from space, are similar. Thus, we emphasize the
point that using multizomal space photographs (with the corrections taken

into account) it is possible to obtain diagnostic spectral curves of soils.

An examination of the spectral curves shows that in the blue-green part of
the spectrum there is a convergence of the curves for brown desert-steppe
solonetz-like soils formed on red-brown sands and alluvial meadow-swampy
soils. As a result, on photographs in this zone they show up in a similar
dark gray tone. In the red zone the curves for brown desert-steppe soils
developed on red-brown material diverge quite clearly from the curves for
alluvial meadow-swampy soils, approaching the curves for brown desert-
steppe solonchak-like soils developed on greenish-gray new Caspian deposits.
As a result, on the photographs for this spectral zone they show up in a
gray-light gray tone. The highest spectral brightness coefficient is char-
acteristic for salina solonchaks which on the photographs in all spectral
zones have an almost white photoimage tone. These patterns were confirmed
in an investigation of soil reflectivities.

Our analysis of the spectral reflectivity of soil samples (Fig. 41) indi-
cated that in the blue-green spectral zone brown desert-steppe soils and
sands on reddish-brown deposits have a low reflectivity; their curves are
close to the spectral curves for alluvial meadow-swampy soils. In the red
spec: cal zone the reflectivity of brown desert-steppe soils on reddish-
brown deposits increases sharply and their spectral curves approach the
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curves for brown desert-steppe soils formed on greenish-gray deposits. The
saline surface crust of solonchaks had the maximum reflectivity.

Thus, due to the joint determination of soil reflectivity and the use of
hlack-and-white multizonal space photographs for the first time it became
possible to make a quantitative interpretation of the soils formed on
different soil-forming rocks.

An investigation of the photoimage of soils on black-and-white photographs
in the IR, red and blue-green spectral zones indicated that only in the IR
zone did a gray - dark gray image tone correspond to an extensive area in
the region of spring floodings of the Emba River and its numerous distrib-
utaries. The discrimination of this area is evidently assoclated with the
presence here of soils with the ground water at a shallow depth. In the IR
zone (0.82}xm) from the dark gray, almost black tone, it is easy as well
to determine moist meadow and meadow-swampy soils. At the same time, indi-
vidual areas of alluvial-meadow and delta soils (for example, the Emba
River) on this photograph are interpreted poorly or are not interpreted at
all, although they are easy to make out on photographs in the visible, es~
pecially the blue spectral zone. These soils are covered by meadow vegeta-
tion, which in the IR zone appears in a light tone, similar to the image
of the surrounding solonchaks and solonchak-like soils.

The most nonexpressive, low-contrast photoimage of the soil cover was cb-
tained using photographs in the IR (0.72}An0 zone.,

A comparative analysis of the photoimage of a color synthesized photograph
and black-and-white photographs of individual zomes indicated that on a
synthesized photograph in the more easily interpreted color range there
was reflection of all soil units of multizonal black-and-white photographs.
At the same time, only on a synthesized photograph on the basis of a red-
brown and yellow-brown color is there clear interpretation of soil areas
covered with a natural grassy vegetation. The greater the projective cover-
ing of the soil surface and the brighter the green color of the vegetation
in the terrain, the brighter is the red color of its image on the synthe-
sized photograph. On black-and-white photographs from the gray range of
tones it is difficult to discriminate areas of these solls from soils
poorly covered with vegetation and from soils without vegetation.

Accordingly, in the areal interpretation of soils the greatest effect 1is
from synthesized photographs. They are also effective for the purposes of
genetic interpretation of the soil cover, although individual data (such
as the difference in soils formed on different rocks, etc.) can be obtain-
ed only in an analysis of black-and-white multizonal space photographs.
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The results of interpretation of soils from black-and-white multizonal and
color synthesized space photographs were finalized in the form of a sample
soil map (Fig. 42) which shows the characteristics of the soil cover in the
Caspian area.

A computer analysis of the photoimage of the soil cover in the Caspian area
on space photographs in the blue, red and IR spectral zones by means of the
"Kvantimet-720" instrument made it possible to obtain maps of the levels

of gray tone which were used for compiling a soil map of this region which
was detailed and objective.

- In the blue and red spectral zones the darkest tone was characteristic of
areas (similar in form) of alluvial moist meadow and meadow-swampy solon-—
chak-1ike soils and also coastal meadow and swampy solonchak-like soils.
In these two zones the use of computer interpretation revealed a consider-
able differentiation of the gray tone levels in areas of alluvial soils
along the Emba and Ural Rivers. However, whereas on photographs in the IR
zone in the Emba River region no high percentage of areas with a gray tone
was discovered in the soil cover image, in the ancient delta part of the
Ural River it was considerable and similar to the image of areas on photo-
graphs taken in the red zone.

In the red and IR spectral zones the lightest image was characteristic of
areas (similar in form) of salina and coastal solonchaks. On photographs

- in the IR zone a considerable percentage of the soil cover was associated
with a reflection of spottiness of a darkish-gray tone —- the image of
meadow solonchak-like soils.,

On the photographs in the zones to be analyzed, the clouds, which make dif-
ficult the interpretation and distort the computer analysis of the soils,
- were represented by areas of a light tone, similar to solonchaks, whereas
the shadows from them are represented by areas of a dark gray tone, sim-
ilar to the image of meadow-swampy soils.

Our evaluation of the reliability of interpretation of the soil cover in
the southeastern part of the Caspian Lowland from multizonal space photo-
graphs indicated that in the visible zone more than 75~807% of the soil
units are determined with an accuracy above the average (in the blue zome
-- 76, green zone —- 88, orange -~ 76, red -~ 78%). In the IR (0.72pm)
zone 807 of the units are not interpreted or are determined poorly, but
in the zone 0.82pm 68% of the soil units have an average interpretabil-
ity relative to solonchaks (Table 45).

In order to study the possibilities of interpretation of soils and plant-
ings of agricultural crops, in addition to multizonal space photographs
of the dry steppe zone we analyzed photographs of other natural zones. As
an example, we will examine two sectors of territory of a forest zone
take. during the period of carrying out of the "Raduga" multizonal ex-
periment. Synthesized color photographs were used in the analysis.
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On a color synthesized photograph taken for analysis it was possible to
gsee a region of Eastern Siberia in the neighborhood of the lower course
of the Vilyuy River which is inaccessible for surface study. In the diag-
nostic interpretation of the soils from this photograph we used medium~
scale soil maps of the investigated territory.

In natural respects this is a sector of the Central Yakutian slightly un-
dulating ancient alluvial plain, consisting of strata of sandy-clayey
Quaternary deposits. The territory is situated in a permafrost zone with .
a depth of seasonal freezing and thawing in sandy ground of 3-4 m, in
pulverized clayey loams under a larch taiga -~ 1.2-1.6 m, in swampy

and boggy-peaty soils -- 0.2-0.5 m.

On the poorly drained watershed there is extensive development of vein
ice and thermokarst processes with the formation of lacustrine landscapes
of a special type, so-called alasy. In such landscapes there are numerous
thermokarst depressions formed by collapse, sinking or slumping which
arise on the plain surface with the melting through of ice strata. As a
result of melting of the ice the central part of such an area is occupied
by a lake and the marginal parts by meadow-swampy and meadow vegetation.
The depressions in such landscapes are frequemtly saline. According to
the map of types of soil salinization (Yegorov, Bazilevich, 1976), to the
. north of the Vilyuy River there is sulfate salinization, whereas to the

- south there is chloride-sulfate salinization with the participation of

soda, '

In the interpretation of the soil through the direct image of forest and
meadow vegetation on the photograph it is easy to trace four natural soil-
geographic regions in the investigated territory.

The first occupies the northeastern part of the photograph -- the terri-
tory which on the north adjoins the Tyung River, a left-bank tributary
_ of the Vilyuy. Here, on well-drained loosely consolidated sandy deposits
is a coniferous taiga -- pine and pine-larch. The soil cover is repre-
sented by soddy-forested permafrost sandy and sandy loam solls, straw-
colored taiga solodized permafrost soils with participation of semicon-
solidated and deflatable sands. There is widespread occurrence of large
lake basins with meadow-swampy permafrost, taiga degraded solonetz and
meadow~-chernozem soils formed along the periphery of lakes. On the photo-
- graph the soils of this region are interpreted from the cinnamon-brown
image color of the coniferous taiga; areas of a white colox’ correspond
to sands. Light concentric bands and circles around lakes correspond to
the image of meadow and meadow-swampy soils.

The next natural region includes poorly drained watersheds adjacent to the
left bank of the Vilyuy River. This is the central part of the photograph
having a green image color. Against this background lakes show up as
numerous small spots and dots of a black color; it is easy to see a mass
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Fig. 44. Color synthesized space

photograph of territory of moun-

tainous part of Cis~Baykal area
- taken from the “Soyuz-22."
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Fig. 45, Color syntheslzed space

- photograph of territory of Cis-
Baykal depression taken from the
"Soyuz-22": A) fall-plowed fields;
B) fields with grasses and agricul-
tural crops; C) stubble
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' Fig. 46. Interpretation of soil cover of territories of the mountainous
: part of Cis-Baykalia and Predbaykal'skaya (Cis-Baykal) depression from
- color synthesized space photograph taken from the "Soyuz-22." (Key on
- next page)

| of small spots of round and bladelike configuration of a light and light
; yellow color which impart a varielate-spotty pattern to the image of
watersheds. Here, on flat poorly drained watersheds, a moist larch taiga
with a ledum cover is formed. The soil cover is represented by straw-
colored taiga solodized permafrost clayey loam and heavy clayey loam
soils on watersheds: taiga degraded solonetz soils, meadow and meadow-
swampy permafrost soils in thermokarst depressions -- so-called alasy
(Fig. 43, see insert).
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KEY TO FIG. 46

Soils: 1) mountain highly podzolic cold (including permafrost) soils; 2)
mountain highly podzolic cold, including permafrost and mountain soddy-
- moderately podzolic cold soils; 3) mountain soddy-moderately podzolic
cold soils; 4) mountain soddy-slightly podzolic cold soils; 5) mountain
soddy-highly podzolic residual~calcareous cold and mountain soddy-moder-
ately podzolic residual-calcareous; 6) mountain soddy-taiga cold, includ-
ing permafrost soils; 7) mountain soddy-taiga cold, including permafrost
and mountain soddy-forest cold soils; 8) mountain soddy-calcareous pod-
zolized cold soils; 9) mountain soddy-calcareous, podzolized cold and
mountain soddy-calcareous leached cold soils; 10) mountain soddy-calcar-
eous leached cold and mountain soddy-calcareous leached eroded cold soils;
11) mountain chestnut cold soils; 12) mountain chestnut cold and mountain
soddy-forested cold soils; 13) soddy-podzolic cold soils; 14) soddy-forest
cold soils; 15) soddy-calcareous typical cold soils; 16) soddy-calcareous
leached cold soils; 17) soddy-calcareous leached highly eroded cold soills;
18) gray forest cold soils; 19) leached chernozems with medium humus con-
tent, medium~thick, cold; 20) ordinary chernozems, medium humus content,
thin cold; 21) ordinary chernozems, eroded cold; 22) highly eroded cold
chernozems; 23) meadow-chernozem cold and meadow soils seasonally frozen
- for a long period; 24) meadow soils seasonally frozen for a long period;
25) swampy permafrost; 26) alluvial cold and meadow-swampy permafrost
solls; 27) alluvial soddy cold soils, meadow soils seasonally frozem for
a long time; 27) alluvial soddy cold soils, meadow soils seasonally frozen
for a long time and swampy permafrost soils.

On the photograph from the meander-ox~bow lake image pattern it is easy
to interpret the modern floodplain of the Vilyuy River with alluvial-
meadow and meadow-swampy permafrost soils of different mechanical compo- -
sition, Sandy shoals on the floodplain along the channel show up in a
white color. The Vilyuy River has well~developed terraces which can be
traced on the photograph from a greenish~cinnamon colox and the spotty im~
age pattern. Thermokarst processes are widely developed on terraces.
There are many lakes and swales with meadow-swampy permafrost and taiga
degraded soils in their central part and chernozem-meadow solonetz-like

- and solonchak~like soils along their periphery. On the photograph the
swales are of a light yellow color.

The fourth natural region, which is clearly discriminated from the photo-

) graph photoimage, is situated along the right bank of the Vilyuy River.
- h 01 the photograph it is interpreted from the nonuniform greenish-cinnamon-
brown color. Here straw-colored taiga permafrost soils with a light clayey
loam and sandy loam composition are formed under a pine and pine-larch
taiga on soils of light mechanical composition with the participation of
sands, as are soddy-meadow permafrost and soddy-forest permafrost soils
w. h the participation of eroded soils.
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An analysis of space photographs taken with the MKF-6 camera with respect

to interpretability of the soil cover demonstrated the great detail of =
the soil image, the possibility of carrying out a soil-geographic region-

alization of the territory.

$till another of the synthesized space photographs covers the region to

the west of Lake Baykal. The photograph clearly shows the shore part, ad-

jacent to the lake and occupied by the Primorskiy Range, which is covered

by a pine-larch taiga. In this mountainous territory, from the different

image color there is reliable discrimination of mountain soddy-podzolic

cold soils and mountain soddy-calcareous and mountain chestnut cold soils, _
and in narrow mountain valleys clearly expressed on the photograph ——

meadow-swampy permafrost soils (Fig. 44, see insert).

The Predbaykal'skaya depression extends from north to south to the west
of the Primorskiy Range. Its surface with plateaulike watershed with an
elevation of 800-1,000 m is highly dissected by river valleys with the
presence of eroded lands. These are sectors of the Siberian wooded steppe
with gray forest soils and cold chernozems in the southern part of the
basin and soddy-calcareous soils in the northern part. The lands in this
territory are intensively used in agriculture. They are reliably deter-
mined from the square-rectangular form of the image of fields. A differ-
ent color corresponds to a different agricultural use of the fields. At
= the time of the survey -— the second half of September —- a black color
corresponds to fields plowed in the autum; a red color corresponds to
fields with grasses; a lilac-gray color corresponds to sectors of fields
occupied by the stubble of grain crops, etc. (Fig. 45, see insert). The
areas of autumn-plowed lands were determined from the photograph without
any error.

The results of interpretation of a synthesized photograph were finalized
in the form of a soil map (Fig. 46). In the future a regular multizonal
space survey of agricultural lands during the course of the growing season
will make possible the reliable monitoring of changes in soil moisture
‘ content, the state of solls and agricultural crops; it will also make pos-
- sible the timely discovery of areas having agricultural crops with dis-
eases and prediction of their crop yield.

Thus, additional possibilities for the interpretation of soils are being

afforded when using synthesized photographs on which by means of color

it is easier to discriminate soils and their characteristics, such as

) erodability, swampiness, sandy mechanical composition, etc., and also to

- determine the different condition of fields and types of agricultural
crops.
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Soil Interpretation from Multispectral Space Photographs from '"Meteor"
Experimental Satellites

During recent years regular information on the state of the surface soil
cover in our country has been received from the "Meteor" experimental sat-
ellites, which carry TV scanning apparatus with a low or medium resolution.
In contrast to all space materials considered earlier this information is
characterized by routineness, since for an analysis of the soil cover the
photographs are sent to the appropriate agencies on the average one or two
weeks after the survey and more frequently. A space survey is made from an
altitude of 600-650 km in four spectral zones: 0.5-0.6; 0.6-0.7; 0.7-0.8
and 0.8-1.1pm. The scale of the photographs is small (1:10,000,000); -with-
out a decrease in quality they can be enlarged to a scale of 1:2,500,000.
The results of our investigations of the interpretability of the soil cover
from these photographs for different survey seasons, having a medium reso-
lution, indicated the following (Fig. 47A).

On photographs for the winter survey period (December 1977) it is easy to
trace (especially in the zone 0.8—1.1}11:1) the distribution of the snow
cover over the soil surface. On a space photograph on the image of the ter-
ritory of the East European Plain the entire steppe zone to the south of
55°N to the line Saratov-Rostov-na-Don has a uniform snow cover (light
tone). Against this background in the northern part of the wooded steppe
zone from the infrequent wedge-shaped areas of an almost black tone it is
easy to interpret sectors of forest, Against the light image background

of the snow cover there is reliable determination of the principal hydro-
graphic network of the analyzed territory.

South of the line Saratov-Rostov-na-Don the image of the earth's surface
has a mottled character, indicating a nonuniformity of the distribution

of the snow cover. Sectors of Don sands show up very boldly in a dark gray,
almost black tone. A dark gray photoimage tone is also characteristic of
the virtually snow—free sectors of the Nogayskiye steppes, the black lands
ol the Kalmykln, land areas situated along the right bank of the Volga.

On the orher hand, the regions of the Stavropol'skaya Highland, Yergeney,
the Caucasus foothllls and mountains are well covered with snow.

On a winter photograph it is easy to trace the boundary bet:wéen the forest
- zone with coniferous species (dark gray tone) and the steppe (light tone)
‘ cone.

On space photographs for a spring survey period (late March - early May
1978) we for the first time reliably interpreted the boundary of the cher-
nozem zone -- typical and leached chernozems (dark, almost black tone of
a dendritic pattern) from gray forest soils with the participation of
soddy-podzolic solls (gray-light gray tone) from the different tone and
pattern of the photoimage for the territory of the European USSR. The
wedgelike nature of this boundary is clearly determined. For example, one
of rhe extensive regions of southward propagation of the zone of gray
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Fig. 47. Space photographs from "Meteor".experimental satellites showing
territory of the European USSR. Scale 1:10,000,000, zone 0.8-1l.1pim. Sur-
vey time: A) 12 December 1977; B) 7 May 1978. A, 1) mixed hardwood-conif-
erous forests on soddy-podzolic soils; 2) pine-southern taiga forests on
soddy-podzolic sandy and swampy soils; 3) snow cover on Central Russian
Highland and Oka-Don Plain; 4) Donskiye sands; 5) mottied snow cover in
neighborhood of the Tsimlyanskoye Reservoir; 6) even snow cover on the
territory of Yergeney and the Stavropol'skaya Highland; 7) lower reaches
of the Kuban River; 8) delta of the Terek River; 9) Nogayskaya Steppe; 10)
mountain-forest zone of the Caucasus with brown forest soils; 11) high
mountain zone of the Caucasus. B, 1) soddy-podzolic sandy soils with par-
ticipation of gray forest soils; 2) gray forest soils; 3) typical and
leached chernozems of the Central Russian Highland; 4) typical rich chern-
ozems, leached chernozems and meadow-chernozem soils of the Oka-Don Plain;
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5) typical and ordinary chernozems of highlands along Volga; 6) ordinary
chernozems and southern chernozems; 7) southern chernozems and dark chest-—
nut soils. :

forest soils is interpreted along the right bank of the Sura River to the
latitude of Penza, taking in the northern part of the highland along the
Volga. The next penetration of northern forest soils into the chernozem
zone is well expressed on the photograph in the neighborhood of Saransk
along the interfluve of the Moksha and Insar Rivers. The deepest propaga-— -
tion of gray and predominately soddy-podzolic sandy soils to the south to
the latitude of Tambov is interpreted from a narrow (up to 25-50 km) zone
of az wedgelike form along the right bank of the Tsna River. In Ryazanskaya
Oblast a photograph clearly shows that gray forest soils in individual
wedges enter into the chernozem zome along the right bank of the Para and
the Ranova (right-hand tributaries of the Oka) (Fig. 47,B).

On space photographs in the IR zone taken in the spring survey period

for the first time it was possible to discriminate intraprovincial regional
differences in typical and leached chernozems with moderate humus content
in the Central Russian Highland (gray photoimage tone of a dendritic pat—
tern) from typical rich cherrozems with a widespread occurrence of meadow-
chernozen soils of the Oka-Don Lowland (dark gray, almost black tome). To
the east of these, on the basis of the gray tome of the complexly dendritic
pattern, it is possible to discriminate typical and oxdinary chernozems
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along the highlands along the Volga.

To the south of the region of occurrence of typical chernozems and meadow-
chernozem soils of the Oka-Don Lowland it was possible to determine (from
the gray and light gray tone and the complexly dendritic image pattern

of steppe rivers, numerous gullies and ravines) the boundary of occurrence
of ordinary and southern chernozems. On spring photographs in the ranges
0.5-0.64-m and 0.6~0.7tm these differences to all intents and purposes
cannot be interpreted.

On summer photographs in the IR survey zone it is impossible to trace these
differences in the soil cover. On photographs from the summer survey period
in the visible range (0.5-0.6 and especially 0.6-0.7,um) it is possible to
interpret differentiation of the forest zone and the boundary between the
forest and the steppe zones.

Another sector which we investigated from the photoimage of small-scale
space photographs taken in the spring survey period covered the southern
regions of the steppe and semidesert zones of the European USSR -~ the
Caspian area and the Syrtovoye Zavol' zhye region. On the space photograph
brown semidesert soils with a high participation of solonetz soils, solon-
chak soils and sands, occupying the southern part of the Caspian Lowland,
showed up in a light tone. On the photographs an almost white tone was
characteristic of the area of the Ryn sands and the Prikaspiyskiye Kara-
kumy. Against this light background of the image of brown semidesert soils
it was easy to interpret alluvial-delta meadow and moist meadow soils of
the Ural and Volga Rivers from a delta pattern of a gray tone. On photo-
graphs from the end of March to the beginning of May the image of these
soils changes (due to a decrease in soil moisture content) from dark gray to
light gray and locally begins to be similar to the surrounding areas.

In the territory of the Volga-Ural interfluwe of the Caspian area north
and west of the region of occurrence of the Urdinskiye and Central areas
of the Ryn sands the tone of the photograph becomes light gray amd gray
with small black spots for the image of lakes and numerous solonchaks --
salinas (especially in the region of inundations of rivers of intermal
drainage —- Kamysh-Samarskaya depression and Chizhinsko-Dyurinsko-Balyk~
tinskaya depression). A black image tone in spring is also characteristic
of such large salt lakes as El'ton and Baskunchak, as well as Khakl salina,
Lakes Aral-Sor, Inder and others. With respect to soils the area of inun-
dation of rivers with internal drainage is represented by meadow-chestnut
soils. Along the margins of estuaries there is extensive development of
meadow and meadow-steppe complexes consisting of meadow soils, meadow
solonchaks, meadow and meadow-steppe solonetz soils,

On the photograph to the north of the zone of occurrence of brown semides-

ert nd light chestnut soils, having a light-light gray image tone, for
the first time there was reliable determination of a zone of occurrence of
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chestnut and southern chernozems of the Syrtovoye Zavolzh'ye on the basis
of the almost black tone of the fine dendritic pattern. These sharp dif-
ferences in the photoimage of the analyzed zonal soils on the spring photo-
graphs are related to the difference (approximately by a factor of 2) in
the humus content in the surface soil hoxrizons and the better winter-
spring moistening of the territory of the Syrtovoye Zavolzh'ye.

On summer photographs (survey of 13 August 1978, in the morning hours,
scale 1:10,000,000, altitude more than 600 km) for the desert zone of the
territory of Central Asia a good effect of soil cover interpretation was
obtained in the red zone (0.6-0.7)m) of the spectrum. In the course of a
comparative analysis of the soil photoimage, which we made using photo—
graphs taken in different spectral zones and existing small-scale soil
maps, for the first time it was possible to make a clear interpretation
of meadow and swampy saline and nonsaline and also old irrigated meadow
floodplain soils of the Amudar'ya, Syrdar'ya and Zaravshan deltas. Several
delta broadenings could be seen along the channels of these rivers. A dif-
ferent nature of the photoimage (lighter tone) is observed for the deltas
of the Tedzhen and Murgab Rivers with desert takyrlike and irrigated des-
ert takyrlike soils.

Southeast and east of the Central Karakum, on the basis of the different
tone and pattern of tbe photoimage, it was possible to separate areas of
sands on Paleogene and more ancient depcsits from sands on Pliocene an-
clent alluvial deposits and gray soils of the foothill zone. In the moun-
tains it was possible to determine mountain cinnamon soils. These charac-
teristics of the photoimage of the soll cover were traced less well from
photographs in the IR and especially in the green spectral zone.

The use of small-~scale multizonal routine space information from the
"Meteor" experimental satellites indicated that using photographs (es-—
pecially in the zone 0.8-1.1pm for the winter and spring survey periods)
it is possible to observe the distribution of the snow cover over the
earth's surface and the change in soil moistening and to interpret zonal,
subzonal and regional soil differences.
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Chapter 8
INFRARED AND RADAR METHODS FOR INVESTIGATING SOILS

At the present time the methods for obtaining photoelectronic images of
soils and agricultural crops by the nonphotographic approach are in the
stage of experimental development. These images and traces are a valuable
supplement to photographic methods because they make it possible to obtain
information on the energy radiated by the features on the earth's surface
te be analyzed in contrast to photographs, which pick up reflected solar
energy. :

Direct photographic systems are characterized by a high resolution, good
geometrical image quality, ease in visual perception and simplicity of
photoprocessing. However, these methods to a considerable degree are de-
pendent on weather conditions and their use is restricted to a narrow part
of the electromagnetic spectrum (visible and near-IR -- to 1.1P_m).

Indirect photoelectronic systems take in the entire range of the electro—
magnetic spectrum, They can be classified as passive, among which IR
radiometers are in the widest use, and active -- radars and lidars operat-
ing in zones from the ultraviolet to the near-IR.

In order to identify types of agricultural crops and to ascertain their
crop yield it 1s necessary to use both nonphotographic sensors and the
full range of available photographic materials.

During 1971-1976 specialists in our country made a study of natural re-
sources and especially geological formations using a Fotoskaner-4 instru—
ment. It registers radiation in three channels: 0.3-0.4; 0.5-0.7 and 0,8~
1.l1pm. It was found that scanner UV and IR photographs contain more in-
formation than black-and-white and spectrozonal photographs. On UV photo~
graphs it was possible to see semiconcentric forms which did not show up
on photographs obtained in other zones (Apostolov, Selivanov, 1974).

In this section we will examine the possibilities of nonphotographic photo-
electronic methods using sensors responsive to the IR and microwave spec—
tral ranges and data from a radar survey., The development of these remote
met: +ds will make it possible to determine soils, their properties and
composition, types of agricultural crops, level and status of their de-
veloprent and predict yields from an aircraft or from space.
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Fig. 48. Interpretation of IR image of territory of southern European USSR
(spectral range 8-12pm); survey in July 1972 at 1400 hours from "Meteor":
1) clouds; 2) waters of Black Sea and Sea of Azov; 3) alluvial soils of
Danube and Kuban Rivers; 4) micellar-calcareous chernozems of plains around
Sea of Azov; 4a, 4b) ordinary and typical chernczems of cis-Dnepr lowland
and marginal parts of the lowland adjacent to the Black Sea; 5) typical
and leached chernozems of the Central Russian Highland; 6) ordinary chern-
ozems of highlands along the Dnepr; 7) southern chernozems and dark chest-
— nut soils of the Sal'sko-Manychskaya ridge; 8-8a) southern chernozems and
dark chesnut soils of the steppe Crimea and highland along the Black Sea;
- 2) chestnut and light brown soils of semideserts of the Anatolian highland
of Turkey.

Infrared Soil Survey
- This photoelectronic survey of the earth picks up the thermal radiation
of the surface of different soils and agricultural crops. Invest.gations

of the IR spectral zone (1.2—2000;Lm) indicated that there are two clearly
expressed "windows of transparency" of IR atmospheric radiation; the first
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takes in the range from 1.8 to 5.3pm; the second, with which the maximum
of spectral radiation of features on the earth's surface is associated,

- is from 7 to 1l4pim; in the remaining part of the IR range, other than
the "window of transmission" (transparency), IR radiation is rather

_ strongly absorbed by water vapor, carbon dioxide, ozone and other impurities
present in the atmosphere.

An IR survey (IR imagery) is made using special high-response photoelectron-
ic detectors having an optical-mechanical scanning device. In the receiver-
detector the thermal radiation is transformed into light signals which from
the screen of a cathode-ray tube are registered on light-sensitive mater-

- ials in the form of curves or photographs.

On a photograph the range of gray tones reflects the relative temperature
of individual sectors of the soil cover surface. With a high response of
the radiometer detectors these instruments are capable of registering in-
significant temperature differences.

Several types of single-channel radiometers are being produced in the United

- States; these have interchangeable blocks of sensing elements (detectors).
Multichannel radiometers have been created which register both emitted
and reflected energy in the range 0.36—2.0*Lm. There are radiometers with

z 24 channels. The ray of reflected energy in the course of optical-mechan-

- ical scanning is incident on an optical prism, by means of which it is
broken down into individual ranges, each of which has its own detector.
When there are corresponding detectors on the earth, transmitting tempera-
ture from control sectors of the earth's surface to a special radiometer
mounted on an aircraft, it is possible to compute the zero reference line,
carry out calibration of the thermograms and make an office determination
of up to 25 layered images reflecting temperature and compile terrain heat
maps.

Investigations in the IR zone, in the wavelength range 3.69-5.5um, were
carried out in Michigan (during the nighttime and daytime) and in Cali-
fornia (during the daytime) in an irrigated region. The collected mater-
_ ials made 1t possible to determine water supplies and the degree of soil
irrigation. On the basis of IR images it is 1ossible to obtain valuable
information on the drainage of the territory and the presence of sectors
with excess moistening. The best results in the study of swampy lands was
obtained from IR data -- in the range 8.5-12.5pum.

The IR images obtained from space using the "TIROS" satellite at wave-
lengths 8—13}Lm made it possible to distinguish surfaces with different
temperature. The IR materials obtained using the United States "Nimbus-1"
and "Nimbus-2" meteorological satellites in the range 3.4-4.2 pum make it
easy to interpret volcanic regions, hot springs and other features (Meri-
field, Gronin, et al., 1969). The ranges 3-5.5 and 8-1l4y m are promising
for the purposes of an IR survey of the earth's surface. However, the
most contrasting image of terrestrial features is obtained in a survey
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in the range 8—14'Lm.

With an increase in moisture content the soil temperature decreases and

therefore on the IR photographs on the basis of thermal contrasts it is

possible to detect sectors with increased moisture content. Experience

has been gained in detecting zones of increased moisture content of sands

in the Karakum desert on the Basis of data from a nighttime IR survey in

the range 3.5-4.8pm from the "Nimbus" satellite. An ancient chanmel of

the Niger River was discovered in Africa on the basis of a thermal anom~ -
aly caused by different moisture content,

In our investigations we used IR images obtained from a satellite of the
"Meteor" system in the range 8-12ptm, With a satellite flight altitude
of 600-650 km an IR scanning radiometer registers radiation along the
flight trajectory of a satellite in a zone with a width of 1,100 km. On
IR images anomalies with a light tone correspond to territories with a
low soil surface temperature; a dark tone corresponds to sectors with a
higher temperature. An analysis of the photographs indicates that in the
case of cloudless weather or weather with few clouds it is possible to
interpret thermal nonuniformities of the cloud cover.

Interesting information was obtained from an IR image from the "Meteor"
satellite showing the territory of the southern European USSR. The survey
was made in July 1972 at 1400 hours (Fig. 48). Clouds -- the coldest anomal-
ies —- appeared in white and almost white tones. Moderately cold anomalies
(light gray tone) correspond to the water surfaces of the Black Sea and
the Sea of Azov. Somewhat warmer (gray tone) anomalies correspond to damp
sectors of alluvial-meadow and meadow-swampy delta soils of the Danube

- and lower reaches of the Kuban., The next thermal gradation (darkish-gray
tone) 1s characteristic for the plain surrounding the Sea of Azov with
micellar-calcareous chernozems, the lowland along the Dnepr with ordinary
and typical chernozems and the marginal parts of the lowland near the Black
Sea with transition to the Volyno-Podol'skoye Plateau with ordinary cherno-
zems.

- Still another level (dark gray tone), clearly interpreted on the photo-

- graph, corresponds to the image of the western slopes of the Central Rus- -
sian Highland with typical leached chernozems. The next thermal level

- (dark tone) corresponds to the image of the soil cover of the highland
along the Dnepr with ordinary chernozems. A gray-black tone was character-
istic of sectors of the Sal'sko-Manychskaya Ridge with southern chernozems
and dark chestnut soiis. The Kuma-Manychskaya depression appeared somewhat
colder.

The next very warm anomalies are characteristic for the territory of the
steppe Crimea and the lowland along the Black Sea (almost black tone)
with southern chernozems and dark chestnut soils. The territory of moun-— -

= tainous Crimea appeared considerably colder; with respect to its thermal
indices it is similar to sectors of the lower reaches of the Kuban. -
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Thus, in the investigated territory in an afternoon period of the space
survey it was established for the first time that sectors of the Central
Russian Highland and the highiand along the Dnepr and the Sal'sko-Manych-
skaya Ridge were warmer than the adjacent regions of the plains near the
Duepr and the Sea of Azov, The mountainous territories of the Crimea and
the Caucasus appeared the coldest, as did the swampy lower reaches and the
deltas of the Danube and the Kuban. On the other hand, the warmest sectors
- were the steppe regions of the Crimea, the lowland near the Black Sea and
the semidesert regions of Turkey. In the territory of the lowland near

the Black Sea, on the basis of the coldest thermal anomaly, it was easy

to detect the region of the Kakhovskoye Reservoir.

With respect to resolution IR space images are inferior to photographs and
therefore for a definite survey time they can be used as interesting addi-
tional information for use with space photographs. However, IR images can
be of great independent interest for study of the dynamics of thermal
anomalies from nighttime, daytime photographs and those taken at different
times and in different seasons.

Radiothermal Soil Su;vey

A radiothermal survey, or passive radar, registers the natural radiother—-
mal emission of the soil cover in long-wave thermal rays (0.3-30 cm). The
photoelectronic apparatus for the reception of these rays is supplied with
a special antenna. The total radiothermal radiation is determined using
the formula E#ET. In the case of an IR survey the emissivity coefficient
(%) changes little with a change in wavelength; in the radiothermal range
it is subject to considerable variations. With an increase in wavelength
(A) there is a decrease in the £ value. For example, for water with A =
1mm £= 0.3; with A= 100 em £=.0.05. For the millimeter and especially
the centimeter range there is a virtually complete transparency of the at-
mosphere and cloud cover and therefore this method is promising for a
radiothermal survey from space.

The "Nimbus-5" satellite carried a microwave radiometer which made it pos-
sible to determine the moisture content in the soil layer at a depth of
several centimeters, but with an approximate spatial resolution of 25 km
(Idso, Schmugge, et al., 1975).

In contrast to the infrathermal range, in the radiothermal spectral  zone
there are small diurnal variations of radiothermal contrasts. On the other
hand, there is a considerable change in radiothermal contrasts in depen-
dence on moisture content, salinity, structure and composition of the
soils (Shilin, 1971). The use of passive microwave technology made it pos-
sible to determine the composition of the soils and ground, as well as
moisture content, and also to detect the presence of voids in the immedi-
ate neighborhood of the surface (Ulaby, Cihlar, Moore, 1975)., Using SHF
methois for deep sounding, it is possible to expect the collection of data
on soils to tens of meters in depth.
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: Fig. 49, Image of radiothermal signals during flight over moistened soil
3 surface (Krymskaya Oblast) (from A. Ye. Vasharinov, et al., 1974): A)
wavelength 0.8 cm, = 20° horizontal polarization; B) wavelength 3.4 cm,
6 = 60° horizontal polarization, 1) soil surface; 2) corn field; 3) field
with vegetation of different height).

In an aerial survey of irrigated fields in Arizona (United States) the
moisture content of soils was studied using microwave radiometers operat-
ing in the wavelength range 0.8-21 cm. For control purposes in 200 sectors
with different irrigation times a field method was employed for determin-
ing soil moisture content at a depth of 0-15 cm. The results indicated
that when using a wavelength of 1.55 cm there was no dependence of the re-
flected signal on soil moisture content (10-15%) or it is slight. If the
moisture content is greater than this level, there is a linear dependence
between the value of the reflected signal and soil moisture content. In
the case of use of a microwave radiometer with a wavelength of 21 cm for
a soil moisture content from 0 to 35% the reflection is a linear function
of moisture content (Schmugge, et al., 1974).

In the USSR interesting investigations for measuring the moisture content
of the earth's surface from space and using aerial vehicles are being
carried out using SHF radiometric apparatus., In 1973 Basharinov, et al.
(1974), in a survey from an aircraft using SHF apparatus, studied the
radiation characteristics of soils for unirrigated lands in the middle
(Kurskaya Oblast) and southern (Krymskaya Oblast) zones of the European
USSR.

Soil moisture content and the influence of vegetation on the radiobright-
ness characteristics of moist soills were studied using radiometers having
. a response of about 0.5° and operating in the ranges 0.8 cm and 3.4 cm.
The axes of antennas with angular resclutions 1 and 3° were oriented at
angles 20 and 60° to the horizon. Resolution on the ground was from 1 m
to 10 m because the flights were made at heights from 50 m to hundreds of
meters over the surface of the experimental sectors.
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Figure 49, for the territory of Krymskaya Oblast, shows the results of
measurements made after a rain. They show the influence of the vegetation
cover on the radiation characteristics of the moistened surface. The dif-
ferences are most clearly visible when using a radiometer operating in
the range 3.4 cm.

In our investigations in the territory of the experimental sector of the
steppe zone during the field period we made determinations of soil mois-
ture content By the thermoweight method along the aircraft flight path

in fields with. different moisture content. Differences in surface moisture
content of the fields in the layers 0-5 and 0-10 cm were as follows (meas-
urements made 8 or 9 times): fields in sugarbeets -- 23,2 and 23.87; fields
In fallow, dessicated from the surface —-— 10.3 and 15.3%; fields in fallow
after passage of a drill —— 19.3 and 21.5%. A comparison of these data
with. traces obtained as a result of not less than 5 aircraft flights over
the mentioned fields indicated that all these results of field moisture
content were registered in changes of the instrument curve.

Everything stated above makes it possible to consider this method to be
promising for study of the soll cover, especially for determining the sur-
face moisture content of soils.

Radar Survey of the Soil Cover

- The use of radar systems is among the new photoelectronic methods for ob-
taining information on soils and agricultural fields. The beginning of use
of side-view radar systems, giving an image, dates back to 1950, This meth-
od substantially supplements other systems giving an image of the soil
cover,

Using a high-resolution radar, specialists in the United States carried
out a survey of the Amazon and Orinoco basin, a territory in the moist
equatorial zone usually shrouded by cloud cover. The survey was made at a
- scale of 1:400,000 with a resolutlon of about 20 m on the ground. In 1970
the RADAM project was carried out for investigating soils, vegetation, re-
lief and mineral resources by means of a radar survey. Radar photographs
are being used successfully for study of the moisture content of soils
and river systems and in agriculture. They are being employed in investig-
ating the distribution of natural vegetation and sown crops, in predicting
- ylelds and in planning agronomic measures (Simonett, 1968). In the next
10 years radar surveys of the environment should become one of the prin~
cipal methods for studying dynamic phenomena and processes.

. The most valuable property of this new type of survey of the soil cover is
that a radar apparatus can operate in the absence of visibility -- through
fog and clouds and also at nighttime (Komarov, et al., 1973). This is es-
pecially important in the study of the soil cover of the northern inac-
cessible regions of our country. In comparison with materials from an aer-
ial photographic survey, the scale of radar images is small: from 1:60,000
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to 1:400,000. It is not determined by the aircraft flight altitude but by
the parameters of the equipment used. In a radar survey of the soil cover
the sources of radiation of waves in the centimeter range and the detector
are situated ahoard the aireraft. The signal reflected from the earth's
surface, in the limits of the azimuthal angle within which the irradia-
tion occurs, is picked up By an antemnna and after transformation of the
radar signals in the transmitter-receiver is registered on a cathode-ray
tube in the form of one scanning line. The intensity of the reflected sig-
nal, determining the brightness of the luminous spot, is dependent on the
surface roughness, nature of the relief in the analyzed territory, the
physical properties of the soil cover, soil moisture content and the em-
ployed wavelength. By means of a photoregistry unit the line image on the
cathode-ray tube and the intensity of the reflected signal are photograph-
ed on a film whose fate of movement is proportional to the speed of air-
craft movement.

As a result, signals reflected from the earth's surface show up on a photo-
graphic film with different intensity. The radar photoimage of the ground
surface is similar to the aerial photographic image and in its interpreta-
tion it is possible to apply the experience of interpretation of aerial
photographs. The radar images give the detailed structure of local relief,
a change of which is closely linked to formation of the soil cover, its
structure and complexity. Using radar images it is easy to interpret soils
which are moistened to different degrees; data from a radar survey can be
used in identifying crops.

An analysis of radar photographs at a scale of 1:90,000, obtained using
the "Toros" side-view radar system (survey territory —- northern Balkhash
region (Severnoye Pribalkhash'ye), indicated that at the tops of ridges
and spurs a light gray tone corresponds to thin, poorly developed gravelly
brown desert-steppe soils formed on the eluvium of granites and quartz-
porphyrites. A gray tone corresponds to brown desert—-steppe poorly devel-
oped soils formed on the fine-grained eluvium of sandstones. On proluvial
deposits, from the dark gray image tome and the dendritic form of the
soil contours there is reliable interpretation of meadow-brown and meadow-
chestnut soils. Frequently they are solonchak-like. The photoimage of al-
luvial-meadow soils of the low terraces of major valleys is characterized
by a banded pattern of gray and light gray tone in dependence on the de-
gree of expression of the meadow process. A light sl-uous narrow band is

‘the image of an intermittent watercourse.

Using radar photographs of the territory of the semideserts of the northern
Balkhash area it is possible to make a reliable interpretation of differ-
ent types of Quaternary deposits, separate soils on the basis of moisten-
ing regime into automorphous, polyhydromorphous and hydromorphous, and al-
so use these materials for soils regionalization (Semenova, Mozhayeva,
1973).
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In our investigations we used radar photographs of the territory of an
experimental sector of the dry steppe zone at a small scale taken from
an altitude of 4,500 m using the "Toros" system. The survey was made at
nighttime in late July 1975 in the presence of stratocumulus clouds. An
analysis of the radar photographs indicated that they can be used in re-
liable interpretation of the soil-geomorphological characteristiecs of the
principal natural regions of this territory.

For example, the photoimage of an undulating sandy plain is characterized
by the presence of a great many lakes of a dark gray, almost black tone
with a rim of solonchaks of an almost white tone. The image of dark chest-
nut sandy and sandy loam soils has a moiré pattern. Virginland vegetation
shows up in a dark gray tone. An antierosional contour farming system oc-

- curs here widely. In the fields strips of an almost black tone correspond
to stands of grasses (for the most part crested wheaigrass); strips with a
light gray tone correspond to plantings of corn or sunflower. The image of
the contour farming system is interpreted more clearly and with greater
contrast from radar photographs than from materials from a multizonal
survey. :

The riext soil-geographic.region, occupying the territory of an ancient run-

i off trough with a complex soil cover, shows up on the radar photographs
with a lesser contrast than on multizonal materials, Plantings of crested
vheatgrass and virginland sectors show up in a dark gray tone on which
sectors with solonetz soils show up as spots of a light gray tone.

On these photographs of plateaus with dark chestnut calcareous and meadow-
chestnut soils in swales it is easy to see squares of fields (with an area
of 400 hectares) of a light gray tone -- the image of spring wheat. Against
this background small spots of an almost black tone correspond well to
meadow-chestnut soils; a light image tone corresponds to sectors of exca-
vated dark chestnut soils.

Amidst the squares of fields of a light gray tone, from the dark gray, al-
most black image tone it is easy to interpret infrequent fields of bare
fallow. Fields with plantings of corn and sunflowers are reliably differ-
entiated from the fields of spring wheat on these photographs due to their
bright-light image tone. Sectors with different sowing times were deter-
mined amidst plantings of agricultural crops due to the different image
tone,

The eroded slope of plateaus toward the Turgayskaya depression was deter-
mined very clearly on radar photographs from the nonuniform spotty-dendritic
pattern of a light gray (blurred sectors), gray or dark gray tone.

The effectiveness of a radar survey of the soil cover is increased sharply
when it is carried out during a period when the vegetation is without
leaves. The proper choice of the angle of inclination of the radar and its
frequencies are also of great importance.

255
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

FOR OFFICIAL USE ONLY

In order to study the composition of soils by means of side-view radars
the surface 1s irradfated with radio waves of a definite length. By in-
creasing the wavelength or the radiated power it 1s possible to determine
the nature of the upper soil horizons. We note that among the principal
advantages of active radio techniques -- radar systems, in addition to a
nondependence on weather conditions and time of day, we should include
the possibilities of determining the properties of the surface and sub-
surface soil horizons, a nondependence of survey scale on altitude, and
also the possibility of obtaining centrasting images of optically noncon-
trasting features (such as soils) and ensuring a considerably better reso-
lution in comparison with SHF radiometers.

In conclusion we note that the effective study of the seil and agricultural
resources of the earth is possible when such work is carried out by com
bined aerospace methods, including aerial photographic and photoelectronic.
The developme:: ~f these new methods will make possible a more effective
inventory and use of land resources and an evaluation of the fertility of
soils and the yield of agricultural crops. There will be more effective
work on soil melioration, better protection of soils against erosion, it

B will be easier to detect diseases of agricultural crops in the early stages,

- etc.
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Chapter 9
EFFECTIVENESS OF USE OF AEROSPACE METHODS IN STUDYING SOIL RESOURCES
Soil Mapping from Aerial and Space Photographs

At the present-day scientific and technical level of development of aerial
and space surveying of the earth soil mapping is one of the principal di-
rections in the use of aerospace methods in soil science and agriculture
(where they give a substantial effect).

Today the progress of soil mapping, the process of study of the soil cover,
correction and compilation of soil maps is inconceivable without the use
of aerospace materials. A soil map is the principal scientific document
characterizing the productive-economic qualities of the land and therefore
it plays an important role in its rational use. In the study of the soil
- cover and in the compilation of soil maps, carried out in our country by
- a system of land use agencies and sclentific research institutes, there
must be an objective characterization of the natural characteristics of
the territory to be mapped, a high accuracy and detail in the representa-
tion of the soil cover and its scilentifically sound generalization. The use
of aerospace methods is exerting a revolutionizing influence in the solu~
tion of these problems.

The refinement and acceleration of work in-the compilation of soil maps
are dependent to a considerable degree on the nature of the base used.
It is entirely obvious that the higher the quality of the base used, the
greater will be the detail of the natural conditions represented on it and
the better will be the quality of the soil survey results. A geographic
base rich in détail makes it possible for the soil scientist, relatively
simply and rapidly, to determine the position and rather precisely to
- stipulate the sites for soil profiles and samples. A geographic base with
| a good representation of relief makes possible a considerably more pre-
cise siting of soll profiles in its individual elements and far more re-
liably define and draw the boundaries of soil units because the spatial
changes of soils are dependent to a considerable degree on relief changes.

Investigations of recent years have shown (METODIKA SOSTAVLENIYA..., 1962;
RUKCVODSTVO PO SOSTAVLENIYU POCHVENNYKH KART, 1964; KRUPNOMASSHTABNAYA KAR-

TOGRAFIYA POCHV, 1971) that the best bases for the compilation and correc-
tion of large-scale soil maps are topographic maps or aerial photoplans
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with contours and aerial photographs. The earlier extensively used land use
plans without the representation of relief are unsuitable for this purpose
because soil maps compiled on such a base with respect to accuracy and qual-
ity do not meet modern requirements, In addition, the work input of the soil
sclentist is very great when using this type of base.

The fundamental theoretical principles in the field of interpretation and
- analysis of soil interpretation criteria were used in developing methods
for the compilation of soil maps from aerial and space photographs.

Methods for the compilation of soil maps from aerial and space photographs
(for territories in which soils have been poorly studied). The compilation
of s0oil maps by aerospace methods is subdivided into three stages: prelim~
Inary office work, field work and final office work. When using aerial and
space photographs, especially multizonal photographs, in this traditional
process of investigating and mapping of the soil cover there is a marked
- increase in the volume of work on preliminary office procedures. In the
first stage of the work a study is made of the literature and cartographic
materials, including topographic maps of the investigated region. A topo-
graphic map, in accordance with the scale used, makes it possible to obtain
data on the characteristics of relief in the territory to be analyzed. How-
- ever, it does not make it possible to judge the nature of the soil cover
over the territory of a farm, region or definite natural region to be mapp-
ed and affords no possibility, still under office conditions, for defining
the limits and content of individual soill areas or units. In addition, for
soil mapping the image of relief on topographic maps does not always fully
reflect the microrelief in the territory. An aerospace survey makes possible
the relatively rapid collection of materials with a high accuracy and ob-
jectivity. In comparison with topographic maps they are characterized by a
greater detail of the image of the earth's surface and wealth of detail, a
direct or indirect representation of the soil cover and the possibility of
establishing its interrelationships with other landscape elements.

At the same time, when working with space photographs there is a sharp in-
crease in the role of topographic and soil maps available for the investi-
gated region. This is attributable to three factors:

First, whereas when using aerial photographs orientation and tie-in are
readily accomplished in the field, when using space photographs this work
is done initially from maps and it must be remembered that the detail of
the space photographs is greater than the detail of the maps (of similar
scales).

Second, the use of =o0il and topographic maps makes it possible to clarify
the possibilities of interpretation of solls on space photographs, the de-
gree of detail and generalization of the image of soils, relief, hydro-
graphic elements, and also to establish interpretation criteria for a num-
ber of soils.
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Third, a topographic map (as in the case of aerial photographs) is used in
conveying the results of interpretation of space photographs (frequently
unrectified) and in compiling a soil map of the corresponding scale.

In the preliminary period work on the use of aerospace photographs for study
of the soil cover begins with a general review from them, using a prelimin-
ary montage of photomosaics of the investigated territory. It 1s necessary
that these he constantly compared with materials on available soil maps
and topographic maps. In the course of this work from the photoimage of the
photographs and the nature of the relief on the topographic maps it is pos-
sible to determine sectors with more or less uniform natural conditions
and to accomplish orientation and tie-in of aerial and space photographs to
elements of the geographic situation on the topographic maps. This can be
done most reliably on the basis of an analysis of the hydrographic and

= gully-ravine network (especially in the case of use of space photographs).

In the case of large- and medium-scale surveys, from land use maps the admin-
istrative boundaries of farms or regions are transferred to topographic maps
and photographs during the preliminary period and the photographs required
for further work within their boundaries are kept. When using aerial photo-
graphs having a 60% end lap within the limits of each flight line they are
divided into two sets (even and odd numbers). One of the sets is used in
defining the work area; the other set of photographs is necessary for a
stereoscopic interpretation of the soil cover.

The next important stage is carrying out a preliminary soil interpretation
on the basis of aerial and space photographs. When using aerial photographs
for the compilation of large-scale (1:10,000-1:25,000) and medium-scale
(1:100,000-1:200,000) soil maps this stage involves the following.

By means of stereoscopic instruments (stereoscope, interpretoscope, etc.)

and an analysis of interpretation criteria on photographs, within the lim-
- its of the work area it is possible to define the boundaries of soil areas.

The basis for their interpretation includes tone and ‘pattern (texture) of

the photoimage, including the size, shape and shadows of features, the na-

ture of relief and other criteria. A summary of the soil areas is placed

at the boundaries of the work areas. All the soil areas on the basis of the

degree of interpretability are classified as reliable, doubtful (shown by

a dashed line) and those which cannot be determined under office conditionms.

In the stereoscopic interpretation of space photographs taken from altitudes
of 200 km or more it must be remembered that only large forms of relief with
an amplitude of 100 m or more are perceived three-dimensionally.

In the office interpretation of doubtful soil units and those which cannot
be determined visually the soil scientist is assisted considerably by the
use of an image analyzer —— the "Kvantimet-720." THe ‘experiments which have
bee: carried out have indicated that when it is used there is additional
differentiation of uniform scil areas and an objective quantitative evalua-
tion is obtained.
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When the soil scientist has a knowledge of the soil cover of similar ter-
ritories, when he has samples of the interpretation of soils from photo-
graphs, it is possible to make a preliminary diagnostic determination of
the soil cover which is then partially checked in the field. 1If there are
no interpretation samples for similar scils, the soil cover is unfamiliar
to the soil scientist or he has no experience in the interpretation of
solls, the diagnostic interpretation of the soil cover is carried out only
- under field conditions.

— In this comnection it is possible to distinguish three principal variants:
a) use of aerial and space photographs for refining existing soil maps for
territories where the soils have been well studied (see next section); b)
use of aerospace methods for refining and recompiling soil maps for terri-
tories where the soils are poorly studied; c) use of aerospace methods in

- s0il mapping of inaccessible territories where the soils have not been stud-
ied.

It was established when using multizonal photographs during the prelimin-

- ary office period that the principal results in soil interpretation should
be obtained from photographs in the blue-green, red and IR zones, contain-
ing the most soil information. Photographs in the IR and blue-green spec-
tral zones under office conditions, together with photographs in the red
zone, make possible a more reliable and objective interpretation of soils
and the obtaining of new information for a number of soil units.

After carrying out s preliminary office interpretation of the soil cover
the results of the areal and in part the diagnostic determination of soils
are transferred by means of appropriate projection instruments (photorec-
tifier, projector, Clara camera, etc.) onto a topographic base. The re-

- sults of scil interpretation are transferred onto a photoplan (if it is
used as a base) using the geographic situation and the photoimage, sim—
ilar to photographs.

In this way a map of the preliminary interpretation of soils is compiled.
On the basis of this map and available photographs it is possible to de-
termine soil-geomorphological regions for which (when making a medium—
scale soil survey) it is possible to prepare interpretation "ihoys" (area
-~ one or two aerial photographs), select the most rational routes and
sites for obtaining the principal soil profiies and draw up a plan for a
field soil investigation.

- Field studies for soil mapping purposes with the use of aerial and space
photographs begin with a general familiarization with the soils -- in the
process of a reconnaissance of the investigated territory. During the ini-
tial period it is especially important, simultaneously with orientation,

- tie-in and description of the soil profiles, to clarify stable interpreta-
- tion criteria for the soil cover.

In a large-scale soil survey it is customary to use the continuous survey-

ing method; in medium- and small-scale mapping the reconnaissance-''key"
survey method is employed. When "keys" are available work on soil mapping
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and field interpretation begins from these sectors, Their number is de-
termined during the the preliminary office period and is dependent on
the peculiarities of structure of the soil cover. In the case of a medium-
- scale survey of a soil-geomorphological region a soil interpretation "key"
is prepared. In the case of "key sectors" the soil units and typical struc~
tures of the soil cover are supported by soil profiles. In the course of
this work there is accumulation of experience on the field interpretation
- of soils, which makes it possible to proceed to the next stage in the
work on the mapping of the soil cover by the reconnaissance method. The
sites for the soil profiles are determined on the photographs on the ba~
- sis of the photoimage tone and pattern.

The reconnaissance-"key" method is used when space photographs are employ-
ed. A knowledge of the interpretation criteria makes possible successful
interpretation of the soil cover between reconnaissance lines, applying
the principle of geographic analogues. In the case of a good interpreta-
bility of soils, especially when using a multizonal survey, the number of
- soil units discriminated from photographs is usually greater than when
using only topographic maps. Accordingly, with retention of the norms es-
tablished for a definite scale for the digging of the main and secondary
pits a number of soil units will not be supplied with such test pits. When
using photographs their conditionality will be backed up by a similar photo-
image with sectors for which there are test pits, as a result of a survey
in "key'" areas and along reconnaissance lines and extrapolation of the re-
sults to territories between field lines for which no data are availlable.

For territories with a complex soill cover the number of main test pits may
even be somewhat greater than set by the present—day norms. However, the
number of test pits needed for clarifying the boundaries of soil units is
reduced by several times. As a result, the use of photographs enables the
soil scientist, working in the field, to carry out a higher-quality, funda-
mental study of the soil cover. The result of field work is a field compil-
ation of a soil map with a legend and soil interpretation symbols.

In the post—field office period the materials from the soil survey and the
results of the soil interpretation are formalized in final form. After the
analytical processing of soil samples the legend and soil map are finally
backed up with the writing of an explanatory text to the map. The results

of soil interpretation are finalized in the form of interpretation samples
for the soil cover. These are usually prepared for the sector of "key inves-
tigations.”

Each of the soil interpretation samples consists of the principal photograph
and two adjacent photographs (triplet) for a stereoscopic study of the soil
cover. A sample of photo interpretation in the form of a fragment of the
soil map with its legend is appended to them.

The .2xt document is the explanatory text with a brief description of the

natural conditions, soil cover and characteristics of its interpretation
with a compilation of a table of soil interpretation indicators.
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Interpretation samples, for the purpose of their subsequent use, are ac-
companied by an indication of the taxonomic unit, in accordance with the
scheme for soil-geographic regionalization of the USSR, the time when the
survey is made, the scale and the type of film. In the case of multizonal
photographs there is an indication of the spectral zone used and photo-
graphs of other survey spectral zones are given.

Methodological procedures for the compilation of medium~ and small-scale
soil maps from space photographs (for agriculturally exploited lands). At
the present time in the agriculturally exploited territories of our country
more than 94% of the kolkhoz and sovkhoz lands are supplied with large-scale
soll maps. Accordingly, it is necessary to generalize this rich material
from soil mapping investigations of farms and compile medium- and small-
scale soil maps for rayons, oblasts and individual republics in the country

On the basis of investigations made during recent years in the field of

medium- and small-scale soil mapping with the use of space photographs and

with the compilation of samples of soil maps for different natural regions

- of the steppe, dry steppe and desert zones, we will cite a number of meth-
odological instructions on the use of space photographs.

1. Depending on the complexity of the soil cover and the area of land cover-
age, it 1s desirable that the generalization of data from a large-~scale

soil survey be carried out to scales 1:100,000, 1:300,000-1:500,000 and

- 1:1,000,000.

In the compilation of maps at a scale 1:100,000-1:200,000 it is possible to
recommend aerial photographs at a scale of 1:30,000-1:100,000 and space
photographs at a scale of 1:200,000, as well as original and enlarged photo-
graphs at a scale of 1:1,000,000.

In the compilation of maps at a scale of 1:300,000-1:500,000 it is necessary
to use space photographs at a scale of 1:200,000, black-and-white and color
spectrozonal photographs at a scale of 1:1,000,000, enlarged by a factor of
2-4, and also black-and-white multizonal photographs taken with the MKF-6
camera, and color photographs synthesized from them, enlarged by a factor

of 4-5 in comparison with their initial (1:2,100,000) scale. '

In the compilation of maps at a scale of 1:1,000,000 it is recommended that
use be made of black-and-white and color spectrozonal space photographs at
a scale of 1:1,000,000, enlarged by a factor of 2-3, and multizonal photo-
graphs, taken with a MKF-6 camera with enlargement by a factor of 3-5, as
well as photographs at a scale of 1:200,000-1:300,000 with subsequent re-
duction. It is also possible to use space photographs at a scale of
1:2,500,000 taken from the "Salyut" orbital station and enlarged 2%-5%.
These same space materials can be used in the compilation of sheets of a
soil map at a scale of 1:2,500,000.
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Experience has shown that in the compilation of medium- and small-scale
soil maps it is desirable to use photographs of this same scale or twice
as large.

2, Work on the compilation of generalized soil maps at medium and small
scales with the use of space information can be divided into three stages:
preliminary office, field and final office work.

3. The use in the office period of a complex of stereoscopic, optical-elec—
tronic apparatus for an analysis of photoimages, optical-mechanical projec-
tors, photorectifiers and synthesizers for the synthesis and transfer of
the results from photographs to a map base. Topographic sheets with a
lightened map load, photoplans or photomaps at a corresponding scale are
used as a map base for the compilation of soil maps.

4. In the preliminary office period the work begins with the collection and
systematizing of large- and medium-scale soil maps, sheets of the State
Soil Map, materials from aerial and space surveys, and collection and study
of sources in the literature for the investigated region.

5. Due to the fact that in the agriculturally exploited territories of the
country the materials of the State Soil Map contain thorough data on the
structure of the soil cover, in a generalization of large- and medium-scale
soil maps with the use of space materials there is a marked increase in the
role of preliminary office work on both areal and genetic interpretation of
soils,

In the case of territories well supplied with soil mapping materials, the

. central place in the method for work on the compilation of small- and med-
ium-scale soil maps with the use of space photographs is occupied by a
scientifically sound generalization of the soil cover and the implementa-
tion of a high-quality synthesis of available soil data. In this connection
full use should be made of one of the principal advantages of space methods,
specifically the possibility of using them in an analysis of the soil cover
in close relationship to other environmental components; due to the great
field of view of the space photographs and the coverage of conmsiderable
areas when they are used there is a considerable increase in the role of
physiographic synthesis of natural phenomena and features, including soils.

6. Work on the compilation of medium- and small-scale soil maps with the
use of space photographs begins with their orientation and tie-in to topo-
graphic sheets of a corresponding scale, sheets of the State Soil Map and
availablc medium-scale soil maps; the orientation and tie-in of space
photographs is accomplished reliably by making use of elements of the oro-
hydrographic network.

7. The first stage in the compilation of medium- and small-scale soil maps
froi: space photographs is their use in carrying out areal interpretation

of soils employing stereoscopic and optical-electronic instruments. Apply-
ing interpretation criteria (tone, photoimage pattern, character of relief,
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etc.) it is possible to discriminate the boundaries of soil units on space
photographs. The experience available in our country shows that in the
steppe, dry steppe and desert zones on small- and medium~scale space photo-
graphs it is easy to interpret amidst zonal types (chernozems, chestnut
soils, brown desert-steppe soils, gray soils) soils of the hydromorphous
series: meadow-chestnut, meadow-chernozem, etc.; sandy soils and sands
(ridged, barchan, hilly); soils formed on different soil-forming rocks;
alluvial and ancient alluvial, meadow and meadow-swampy; present-day and
ancient irrigated soils; eroded soils; takyrs; coastal (marsh) solonchaks,
saline and meadow soils; mountain soils; on medium-scale photographs --

a complex soil cover with solometz soils, etc. It is possible to differen-
tiate typical chernozems with moderate humus from those rich in humus; typ—
ical chernozems can be differentiated from ordinary and especially south-
ern chernozems; southern chernozems and dark chestnut soils can be dis-
tinguished from chestnut soils; chestnut soils can be differentiated from
brown desert-steppe soils; a complex soil cover of the dry steppe zone and
brown desert-steppe solonetz-like soils can be differentiated from solon-
chak-like soils, etc. Clayey and clayey loam, sandy loam soils and soil of
sandy mechanical composition cannot be interpreted or are determined doubt-
fully; southern chernozems and dark chestnut soils, species differences of
soils, etc. fall in the same category.

8. When using materials from a multizonal space survey it is necessary to
use color synthesized photographs or black-and-white photographs in the red
zone with additional information obtained from photographs taken in the IR
and blue-green spectral zones. In the case of soil units not clearly ex-
pressed (visually) on the photographs considerable help can be obtained by
the use of image analyzers of the "ISI," "Kvantimet-720," "Densitron" and
other types which with the aid of corresponding densitometric units empha-
size tonal differences in the color or black-and-white scale of soil cover
images. )

9. The results of areal interpretation of soils by the optical or mechan-
ical method are transferred from the photographs onto the sheets of topo-
graphic maps and are tied-in to relief elements and the results of inter-
pretation on adjacent photographs. Thereafter the soil areas on the space
photographs obtained in optically generalized form for the corresponding
survey scale are compared with the soil units on the State Soil Map. A
diagnostic interpretation of the soil cover is made on the basis of this
comparison. There can be two principal variants. The first is when the photo-
image detail of the soil cover on space photographs (or some of them) is
less than on the sheets of the State Soil Map. In this case the soil map
data are used for an interpretation of soils on the space photographs and
thelr subsequent use for the compilation of general soil maps. The second
case is when the accuracy in discriminating soil units and degree of de-
tail of the soil cover photoimage and its structure on the space photo-
graphs (or on some of them) are more detailed than on the sheets of the
State Soil Map. In this case, on the one hand, there is a refinement of the
content and detail of this map (on the basis of space interpretation data),
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and on the other hand, for a diagnostic identification of the soil units
discriminated from space photographs use is made of data from a medium-
scale mapping of soils, In such cases it is possible to use the results
of generali=zation of data from large-scale surveys carried out earlier or
nade directly in the course of compilation of small- or medium-scale soil
maps from space photographs.

10. The stage of generalization of materials from large-scale soil maps
(to medium scales 1:50,000-1:100,000 and 1:200,000), to the level of re-
gional soil maps, must be carried out with the use of aerial photographic
surveys at =& scale of 1:25,000-1:30,000. In this stage there is refinement
and correction of soil units on the basis of aerial photographs and an in-
itial objective generalization of the soil cover with a reflection of the
nature of the soil textures shown on the photographs. The generalizationm,
which begins with a generalization of the map legends, is carried out on
the principle of the similarity of soils in genesis and productive sig-
nificance. Xt is expressed in a combining of small soil units into larger
- units, the compilation (taking the soil aerial photographic image into
account) of new generalized units, including soil combinations, complexes
and mosaics . The minimum unit for soils having clear boundaries and dif-
ferent genesis ig 25 m?, for units having sharp boundaries and similar
- ' genesis -- 50 mm“, for soils with gradual transition boundaries -- 100 mm2.

When discriminating complex units from aerial photographs there is refine-
nent of thedir percentage content of secondary and tertiary components,
taking takimng into account the general subdivisions for their discrimina-
tion: up to 10%, from 10 to 25%, from 25 to 50%.

11. The process of generalization and conversion from the content of soil
maps of a larger scale to a medium or smaller scale with the correspond-
ing use of aerial and space photographs should be as 1:2 or 1:3, that is,
from a scale of 1:25,000-1:50,000 to 1:100,000-1:200,000, then to 1:300,000
or 1:500,000 and finally to maps at a scale of 1:1,000,000. This will make
possible the most complete and precise retention of the characteristics of
structure of the soil cover. in individual natural regions appearing on pho-
tographs and reflection of the geographical similarity of the soil cover
in the investigated territory.

In the compilation of small-scale soil maps from space photographs individ-
ual large~scale soil maps of farms and medium~scale maps of regions sel-
ected for characteristic natural-geomorphological regions can serve as
inserted "keys" necessary for the compilation of more complete and inform-
ative maps, taking into account the structure of the soil cever.

12, On the basis of areal and genetic interpretation of space photographs,
employing materials from earlier soil investigations and sheets of the
State Soil Map, during the preliminary office period there is compilation

of nedium—- or small-scale soil maps and the places and routes for partial
checking of the content of these maps in the field are selected.
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13. During the field period for soil mapping, with the use of space photo-
graphs, there is a general familiarization with natural conditions, soils
and their field interpretation along the reconnaissance route. Doubtful
sectors of the soil map are checked and refined, a series of primary soil
profiles i1s prepared and materials are collected for the compilation of
additional maps and cartograms, Stable interpretation criteria are estab-
lished for the soil cover. Soil samples are collected for carrying out
genetic analyses and studying the reflectivity of soils.

As a result, the final compilation of the soil map with an appropriate
legend is finalized in the field.

14. In the office post-field period the soil map is put into its final form
and an explanatory note for the map is prepared., The results of the office
and field interpretation of soils are formalized in the form of soil in-
terpretation keys, based on space photographs, composite tables and indi-
cators of soil interpretation criteria and an explanatory text devoted to
the peculiarities of their interpretation applicable to definite natural
and technical survey conditions.,

Effectiveness of Compilation of Soil Maps from Aerial Photographs

The matter of the effectiveness of use of materials from an aerial photo-
graphic survey for soil mapping will be examined in the example of compil-
ation of a large-scale soil map of the “"Krasnyy Oktyabr'" kolkhoz in Kur-
manayevskiy Rayon of Orenburgskaya Oblast and medium-scale maps of three
farms in the territory of the Mongolian People's Republic.

The soil cover of the investigated sector of the territory of Orenburgsk-
aya Oblast was represented by southern (ordinary, terraced, with reduced
effervescence, solonetz-like) chernozems, of different mechanical composi-
tion, formed on different soil-forming rocks, meadow-chernozem soils,
steppe and meadow-steppe solonetz soils..and alluvial soils. The use of
materials from an aerial photographic survey was effective for this terri-
tory, complex in its soil geography (it is in the third category of dif-
ficulty). In the course of the work this assumption was completely con-
firmed. In order to characterize the soil cover (area 11,900 hectares,
_ survey scale 1:25,000) a total of 336 test pits were dug, of which 235
wvere primary (depth 150-200 cm)., This number, 1 test pit each 50 hectares,
corresponds to the norms for the number of test pits per unit area in de-
pendence on survey scale and the terrain category appropriate for soil
cover complexity.

llowever, not all the soil units were characterized by test pits. A number
of soil units having a similar photoimage on the aerial photographs (pat-
tern, tone) and situated under uniform relief conditions were characteriz—
ed on the basis of extrapolation of data. The sites for the digging of
test holes (primary and secondary) in the terrain and the density of the
reconnaissance lines were determined by the peculiarities of the soil
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photoimage on the photographs and photoplan with contours, which was used
as an up—-to—date base.

The use of aerial methods indicated that under the conditions of this nat-
ural region, southern chernozems, southern terraced chernozems of medium
and small thickness, meadow-chernozem and alluvial soils are interpreted
with great effectiveness. On water divides there 1s reliable discrimina-
- tion of homogeneous and complex soil units with the participation of sol-
onetz soils. Southern chernozems forxrmed on different rocks, thin gravelly
chernozems and steppe solonetz soils were doubtfully discriminated. On the
photoimage it was impossible to discriminate southern clayey, heavy clayey
loam and clayey loam chernozems and meadow-chernozem soils of different
degrees of leaching, etc., that is, soils of close taxonomic ranks, the
characteristics of which are not manifested significantly in the optical
properties of soils, were not discriminated on the photoimage.

The use of aerial photographs made it possible to detect a number of reli-
able interpretation criteria for the mapping, on their basis, of such
peculiarities of the soil cover important for production as discrimination
of areas subject to deflation, areas of different degrees of water ero-
sion, areas with complexes with different quantities of solonetz on old
cultivated lands and areas with different types of intraunit soil nonuni-
formity.

Thus, for the territory of the dry steppe zone there was found to be a
considerable effectiveness of use of aerial methods in the large-scale
mapping of soils. It is expressed in a reduction of the number of test
holes by a factor of 2-3 with retention of the necessary accuracy in the
discrimination of soil units, a déeper study of the soil cover and its
structure by means of primary and secondary test holes, the number of which
is not lower, but even higher than the necessary norms; on the soil map
there is objective expression of characteristics of the soil cover which
are of importance for production. The use of aerial methods made it pos-
sible with a high accuracy (in sectors where the soils were interpreted
reliably the units were discriminated with topographic accuracy) and com-
pleteness to map the soil cover and compile a soil map objectively re-
flecting the soil resources of the investigated region.

- The use of aerial methods is still more effective in the compilation of
medium-scale soil maps. We will examine the use of aerial photographs in
the soil mapping of three farms in the Mongolian People's Republic, which
was carried out during 1971-1974 jointly by L. P. Rubtsova and G. A.
Shershukova under the direction of N. A. Nogina. When this work was done
use was made of the reconnaissance-"key" survey method with the compila-
tion of a preliminary soil interpretation map on the basis of aerial
photographs during the office period for the entire territory of the farm.
The number of test pits and "key sectors,'" as well as the density of the
fieid reconnaissance lines,was different in dependence on the complexity
of the soil cover in the investigated region and its interpretability on
aerial photographs.
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In a soil survey at a scale of 1:100,000 of the "Tuvshrulekh" farm, locat-
ed in the wooded steppe zone, topographic maps at a scale of 1:100,000

and aerial photographs at a scale of 1:60,000 were used as bases, A com-
parative analysis of these materials indicated that under mountainous
conditions the relief image on the aerial photographs is highly distorted
and it is difficult to interpret the soil cover through forest vegetation,
On the other hand, topographic maps in great detail convey the nature of
the relief (steepness, exposure, length of slopes) of a mountainous terri-
tory. In a steppe lowland part of the farm the use of the tone and pattern
of the photoimage on the aerial photographs made possible a reliable dis-
crimination of meadow-chestnut and meadow solonchak-like soils associated
with flat intermontane basins which on the topographic maps had a uniform
pattern of the contour lines, On the other hand, smoothed ridges with
chestnut soils, clearly noted on the topographic map, were sometimes poor-
ly traced on aerial photographs.

- In order to characterize the soil cover 358 test pits were dug in the four
man-months of the survey. Computations indicated that for the third cate-
gory of difficulty, to which the investigated territory of the farm was -
assigned (norm -~ 32,000 hectares per month), the soil map was compiled -
within the limits of the existing work norms for this survey scale (1 test
hole per 400 hectares).

The somewhat greater number of test holes dug in this territory in compar-

ison with the adopted norms explains the increased accuracy of the map and

its more complete content as a result of use of aerial methods. With re-

spect to the accuracy and volume of soil information (due to the use of

data from aerial photographs at a scale of 1:60,000) the soil map for the

. "Tuvshrulekh" farm approaches a scale of 1:50,000. As a result, it can be -

assumed that the final compilation of the soil map at a scale of 1:100,000

is twice as complete and is of a higher quality in content due to the use

of aerial methods.

At the "Unzhul" farm, typical for the steppe zone of the Mongolian People's
Republic, a scientific-production soil survey at a scale of 1:200,000 was
carried out over an area of 319,000 hectares using topographic maps at a
scale of 1:100,000 with the use of aerial photographs at a scale of
1:32,000. In natural respects the analyzed territory can be assigned to
the dry steppe with the widespread occurrence of chestnut soils. The re-
connaissance-key research method was employed when carrying out soil map
work. In the preliminary office period over the entire survey area a pre-
- liminary soil interpretation map was compiled (with the use of a stereo-
scope and aerial photographs). The results of the interpretation were
transferred to a topographic base at a scale of 1:100,000.

An analysis of the photoimage of this territory made it possible to divide
it into three major soil-geomorphological regions and the valley of the

Tola River, for which four "key" sectors were selected, each of which -
characterizes a typical dry steppe landscape. During the field period -
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work on the mapping of the territory (after a general reconnaissance) was
begun from these sectors (each with an area 30-60 km2) for the purpose of
detecting from photographs at a scale 1:32,000 soil cover structures. Work
in the key sectors was done using a denser network of test pits than else-
where.In a reconnaissance survey (distance between lines 4-5 km) use was
made of the principle of extrapolation of collected data.

A total of 570 test holes were dug in the field period in compiling a field
compilation of a soil map at 1:100,000, which in content had information
from aerial photographs at a scale of 1:32,000. In order to support a final

- map at a scale of 1:200,000, in accordance with the third category of dif-
ficulty, to which the investigated territory was assigned, the number of
test pits dug was somewhat greater than according to the adopted norms.
This is related to the more complete map representation of the content of
the soil cover and its structure when using aerial photographs. In general,
aerial methods increased the quality of the investigations made and the
soil map and the completeness of its content was doubled or tripled.

Soil interpretation keys or samples were prepared during the final office
period; the basis for these was the "key" sectors. It was established
that the specific nature of soil interpretation in this territory is relat-
ed, on the one hand, to the fact that this is a natural region with clear-
. ly expressed features of macro~ and mesorelief, and on the other hand, that
this is a zone of steppe virginland vegetation, poorly affected by agri-
cultural exploitation. Accordingly, the basis was an indirect interpreta-
tion of the soil cover, accomplished through the direct image of relief
and steppe vegetation.

In the semidesert zone of the Mongolian People's Republic a soil survey at
a scale of 1:200,000 was carried out in the territory of the "Bulgan" farm.
As a base for compilation of the soil map use was made of sheets of a
topographic map at a scale of 1:100,000 and aerial photographs at a scale
of 1:32,000. The survey was made over a two-year period. During the first
year a total of 360,000 hectares was mapped of a total area of 830,000 hec-
tares. The good surface exposure of the territory (the projective coverage
of the soil surface by vegetation here is from 3-4 to 12-20%) made it pos-
sible to have' a very clear contrasting image of the soil cover on the aer-
ial photographs.

The method for compiling the soil map was as follows. During the prelimin-
ary office period aerial photographs were obtained on which after delin-
eating the work areas by means of a mirror-lens stereoscope it was pos-
sible to carry out visual-instrumental soil interpretation. On the basis
of an analysis of the aerial photographic image for the first year of the
soil survey it was possible to define five "key" sectors taking in differ-
ent geomorphological territories: a foothill area, a sloping proluvial-
denudational plain with absolute elevations of 1,700-1,350 m (here three
"key" sectors were selected) and an erosional-denudational plain of an av-
erage level with absolute elevations of 1,300-1,100 m (two "key" sectors).
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In the preliminary office period, using aerial photographs for the entire
survey area, it was possible to compile a preliminary soil interpretation
map with the soils being transferred from aerial photographs to sheets of
a topographic map at a scale of 1:100,000.

During the field period work on compilation of the soil map began from the
"key" sectors, each of which covered an area of 25 kmZ. Work in these
areas for study of the soil cover, its structure and the different charac-
ter of the photoimage was carried out using photographs at a scale of
1:32,000 and a grid of test pits of increased density (up to 1-2 km).
Thereafter, a reconnaissance soil survey was made with the distance be-
tween reconnaissance lines being 4-5 km. The investigations indicated
that for the territory of the foothill plain it was possible to extrapolate

- successfully the interpretation criteria for brown desert-steppe and water-
shed soils determined in "key" sectors to a distance of 50 km or more. In

- the territory of the erosional-denudational plain it was easy to determine
different forms of sand (barchan,.ridged, hilly) from the photographs and
extrapolate them for tens and hundreds of kilometers. It was easy to de-
termine highly eroded sectors of the soil cover with surface outcrops of
Tertiary reddish rocks and erosional deflation basins.

According to the existing production norms, for a scale of 1:200,000 one
worker is assigned 120,000 hectares per month, Therefore, the work area of
360,000 hectares called for 3.5 man-months. Taking into account that a field
copy of the map was compiled at a scale of 1:100,000, the work productiv-—
ity was ‘twice as great. This. effect during the field period is attribut-
able, on the one hand, to the fact that a soll map was compiled first,

and on the other hand, to the use of materials from an aerial photographic
survey with good interpretability of the soil cover. A total of 376 test
pits were dug for compilation of an interim soil map during field work.
According to the existing norms (1 test pit per 1,200 hectares) for ter-
ritories of the second category of difficulty, to which the lands of the
farm were assigned, it would be adequate to have 290-300 test pits. The
somewhat greater number of soil test holes dug is attributable to the
high information content of the aerial photographs with respect to the
photoimage of the soil cover and its structure. The following year this
soil survey work was continued; full use was made of the earlier experi-
ence in office and field work in this territory. About 700 soil test pits
were dug in an area of 830,000 hectares during two field seasons. The

use of aerial photographs made it possible to create a precise soil map,
complete in content. Somewhat generalized information from aerial photo-
graphs at a scale of 1:32,000 was used in creating a field compilation

of a soil map at a scale of 1:100,000. If it is taken into account that
the final compilation of the soil map was at a scale of 1:200,000, the
completeness of the content and the quality of the map, as a result of

the use of aerial methods, increased not less than two- or threefold.

The scientific-productive investigations which were made indicate a con-
siderable effectiveness of use of aerial methods in soil science in the
study and mapping of the soil cover. A further increase in effectiveness

270

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

of soil aerospace methods involves an improvement in the interpretability
of the soil cover, the formulation of soil interpretation keys and an in-
tensification of the role of preliminary office soil interpretation, and
also during this period a more thorough study of the soil cover from aero-
space photographs with the use of modern instruments and apparatus.
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Fig. 50. Small scale soil map of the territory of the southeastern part of
Kazakhstan.
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KEY TO FIGURE 50 (page 272): 1) medium-thick chernozems with average hum-
us content in intermontane basins; 2) chestnut clayey loam soils; 3) light
chestnut sandy loam soils; 4) light chestnut calcareous sandy loam soils;
5) brown desert-steppe sandy loam soils underlain by sandy gravels; 6)
brown desert-steppe soils; 7) gray-brown desert sandy loam soils; 8) gray-
brown desert sandy loam soils with outcrops of siliceous sandstones; 9)
gray-brown desert solonetz-like soils; 10) gray-brown desert solonetz-

like soils, locally highly gravelly; 11) gray soils with low carbonate con-
tent; 12) meadow-gray soil complex; 13) meadow solonchak-like solonetz
soils; 14) solonchaks; 15) salina solonchaks; 16) meadow-swampy soils; 17)
alluvial-meadow soils; 18) mountain-meadow alpine soils; 19) mountain-mead-
ow subalpine soils; 20) podzolized mountain chernozems; 21) leached moun-

} tain chernozems; 22) mountain chestnut soils; 23) outcrops of crystalline

- rocks; 24) ridged-hilly sands; 25) brown meadow-steppe soils, solonchaks
and desert solonetz soils; 26) solonchaks and residual solonetz soils; 27)
meadow solonchak-like soils, meadow solonchaks, meadow solonetz soils; 28)
meadow solonchak-like and meadow solonchaks.

KEY TO FIGURE 50a (page 273): 1) medium-thick chernozems with average hum-
us content in intermontane basins; 2) chestnut clayey loam soils; 3) light
chestnut sandy loam soils; 4) light chestnut calcareous sandy loam soils;
5) brown desert-steppe sandy loam soils on sandy pebbles; 6) brown meadow-
steppe soils; 7) gray-brown desert sandy loam soils; 8) gray-brown desert
soils with outcrops of siliceous sandstones; 9) gray-brown desert solonetz-~
like clayey loam soils; 10) gray-brown desert solonetz-like clayey loam
and sandy loam soils; 11) gray-brown desert solonetz-like, locally highly
gravelly; 12) gray soils with low carbonate content; 13) irrigated meadow-
gray soils; 14) meadow solonchak-like solonetz soils; 15) solonchaks; 16)
salina solonchaks; 17) meadow-swampy soils; 18) alluvial-meadow soils; 19)
sands; 19a) moist sands; 20) sands on ancient alluvial deposits; 21) sands
and solonchaks; 22) sands, desert takyr-like soils and solnnchaks; 23) gray-
brown desert sandy loam soils and desert residual solonetz soils; 24) gray-
- brown desert soils with participation of solonetz-like soils and desert
solonetz soils; 25) brown meadow-steppe soils, meadow solonchak-like sol-
onetz soils, solonchaks; 26) brown meadow-steppe soils, solonchaks, meadow
solonchak-like solonetz soils; 27) meadow-gray soil complex, meadow solon-
chak-1like solonetz soils; 28) meadow-gray soil complex, meadow solonchak-
like solonetz soils on ancient alluvial-proluvial deposits; 29) meadow-
gray soil complex, solonchaks, meadow solonchak-like solonetz soils; 30)
meadow solonchak-like, meadow solonchak-like soils; 31) meadow solonchak-
like, meadow solonchak-line solonetz soils, solonchaks; 32) meadow solon-
chak-like, meadow solonchak-lilke solonetz soils on ancient alluvial-proluv-
ial deposits; 33) meadow solonchak-like soils, meadow solonchak-like solon-
etz soils and solonchaks on ancient alluvial-proluvial deposits; 34) meadow
solonchak-like soils, desert solonetz soils and solonchaks; 35) meadow sol-
onchak-like soils, alluvial soils and meadow solonchaks; 36) meadow solon-
chak-like and meadow-swampy soils; 37) meadow solonchak-like and meadow-
swai.,)y solls, meadow solonchak-like solonetz soils and meadow solonchaks;
38) meadow solonchak-like coils, meadow solonchaks, meadow solonchak-like,
[continued at bottom of page 274]
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Fig. 51. Fragment of soil map of territory of lower course of Indus River.
Scale 1:6,000,000 (see soil map of Asia): 1) mountain cinnamon; 2) moun~
tain gray soils; 3) typical desertified gray soils of ephemeral steppes;
3a) same, with participation of sands and saline soils; 4) typical gravelly
desertified gray soils of ephemeral steppes; 5) typical desertified gray
soils of ephemeral steppes and reddish soils of deserts; 6) solonchaks;

7) floodplain alluvial; 8) floodplain alluvial and inundated (rice) soils;
9) sands .

Table 46

Effectiveness of Use of Space Photographs in Special Mapping

Types of mapping work Decrease in work output, in %
original edit~ compil-
compila-— ing ation
tion

Preparation of special maps 50-60 20-30 10~-20
Revision of special maps 60~70 40-50 30-40

KEY TO FIGURE 50a (continued): meadow solonchaks, meadow solonchak-like sol-
onetz soils on ancient alluvial and proluvial deposits; 39) alluvial and
meadow-swampy soils on allivial deposits; 40) residual solonetz soils and
solonchaks; 41) mountain chestnut soils; 42) leached mountain chernozems;
43) leached mountain chernozems and outcrops of crystalline rocks; 44)
leached and podzolized mountain chernozems; 45) podzolized mountain cherno-
zems; 46) mountain alpine and subalpine soils; 47) mountain alpine and sub-
alpine soils, snow covered. 274
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Effectiveness of Compilation of Soil Maps from Space Photographs

The use of space materials makes it possible to increase effectiveness in
the compilation of soil maps. According to data published by Yu. G. Kel'-
ner and G. N. Romankevich, specialists at the "Priroda" State Scientific-
Production Center of the Main Administration of Geodesy and Cartography
of the USSR Council of Ministers, the saving of work expenditures in dif-
ferent stages of compilation and revision of special maps from space pho-
tographs is from 10 to 70% (Table 46).

These data show that the economic effectiveness of use of space photographs
in special, including soil, mapping, is quite high. It will be still high~
er as the methods and instrumentation of a space survey continue to im-
prove and as the mapping method is improved.

The real annual economic effect from the use of space materials in the
study of soils and special mapping in the United States and Canada even
today is reckoned in the tens of millions of dollaxrs (Table 47).

The use of space photographs in the study of soil resources in soil mapp-
ing increases the effectiveness of work of the soil scientist with re-
spect to the accuracy and completeness of the investigations.

A small-scale soil map was compiled for the territory of southeastern Kaz-
akhstan using multizonal space photographs from the "Soyuz-22." Sheets
from a medium-scale soil map of Kazakhstan were used in the interpretation
and in the compilation of this map. Areas of sands are shown more precise-
ly and completely on the map compiled from the photographs; areas of soils
situated on the alluvial fans of mountain rivers and in the territories
adjacent to them were clearly defined cartographically with topographic
accuracy. On a photograph in the IR zone there was more reliable plotting
of an area of meadow-swampy and alluvial meadow soils, etec.

The soil map compiled as a result of interpretation of multizonal photo-
graphs was compared with a small-scale soil map (the map scales were sim—
ilar) available for this territory. The analysis indicated that the inter-
pretation of the soil cover from space photographs made it possible to
compile not only a more precise, complete and detailed (48 soil subdiv-—
isions and their complexes were discriminated instead of the 26 determin-
ed earlier), but also qualitatively new map, most completely reflecting
the principal geographic patterns of structure of the soil cover in this
territory of southeastern Kazakhstan (Fig. 50, 50a).

A similar soil mapping investigation was carried out in the territory of
the lower course of the Indus River. A comparative analysis of the soil
map of this territory with the soil map obtained as a result of interpret-
ation of space photographs from the ERTS satellite indicated that the
initial map required refinements of the boundary of mountain cinnamon and
mountain gray soils, gray soils of typical desertified ephemeral steppes,
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Fig. 5la. Interpretation of soil cover of territory of lower course of
Indus River from space photographs taken from the ERTS~i. Soils: 1) moun-
tain cinnamon; 2) mountain gray soils; 3) mountain gray soils and gravelly
desertified typical gray soils of ephemeral steppes; 4) desertified typical
chernozems of ephemeral steppes; 4a) same, with participation of sands and
saline soils; 5) desertified typical gray soils of ephemeral steppes and
reddish soils of deserts; 6) meadow solonchak-like and solonchaks; 7) sol-
onchaks; 8) floodplain alluvial and inundated (rice) soils with participa-
- tion of secondarily saline soils; 9) sands and gray soils of deserts; 10)
sands; 11) ridged sands; 12) hilly sands; 13) deflatable sands

- Table 47
Annual Saving from Use of Space Materials in 1974 (in Millions of Dollars)
Indices ‘ United States Canada
Agriculture:

agricultural crops 5.6 0.3

- pasture 39.7 3.0

Soils and land use 26.9 9.3

Mapping and special mapping ———— 20.2
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floodplain alluvial soils and solonchaks. Using space photographs with a
topographic degree of accuracy it was possible to interpret an area of
floodplain alluvial soils along the valley of the Indus River, constitut-
ing an important land resource of Pakistan. On the photographs it is easy
to see the internal nonuniformity of the photoimage of these soils —=- the
presence of sectors of secondary salinization. The soil cover in the des-
ert shows up more differentially on the space photographs. Whereas on the
soill map of the lower course of the Indus River it had earlier been pos-
sible to discriminate nine soil subdivisions, after the interpretation 13
could be discriminated. As a result, the new soil map began to reflect the
land resources of the analyzed territory more completely and objectively
_ (Fig. 51, 5la).

Experience in study of the possibility of using small-scale space photo-
graphs (scale 1:1,000,000-1:2,500,000) for refining existing soil maps
(of similar scales) for different natural zones indicated that the inter—
- : pretability of the soil cover and the effectiveness of map compilation
: for the territory of the dry steppe and desert zones is several times
greater than for the steppe zone.

Space photographs, as a result of their greater coverage and image gener-
alization, for the first time made it possible to interpret and carto-
graphically more precisely discriminate ancient deltas and their soil
cover on maps. : '

- It was demonstrated on the basis of investigations with the use of multi-
zonal space photographs that in small-scale soil mapping there can be a
marked improvement in the principle of geographic similarity of the image
of soils and their complexes on a map of soil cover structure in the ter-
rain. In most cases the geographic base for the compilation of soil maps
is topographic maps, on which there is no image of the soil cover. Ac-
cordingly, in its generalization without the use of space photographs

the specific structure of the soil cover of individual natural regions and
geographic zones is represented j-icompletely. One of the principal advan-
tages of use of space photographs in the field of soil mapping is the ef-
fect from a space classification of the soil cover. This theoretical prin-
ciple is particularly important because soil mapping is a special method
for spatial investigation and representation of structure of the environ-
ment.,

In conclusion we will cite data on investigations of the effectiveness of

space photographs for compilation of a small-scale soil map of the Caspian
area (Table 48).

Promising Directions in the Use of Aerospace Methods for Study of Soil and
Agricultural Resources

In soil science and agriculture, taking into account the needs of our coun-

try in the immediate future, it is necessary to develop the following fun-
damental directions in the field of use of aerospace materials.
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1. Compilation and correction of oblast and republic soil maps, sheets of
the State Soil Map of the USSR, compilation of the soil map of the USSR
at a scale of 1:2,500,000. Compilation and refinement of a soil map of the
- world with the use of a great number of color and black-and-white photo-
graphs taken from space for the territory of foreign countries; in this
work it is important to investigate the process of optical generalization
of the soil cover image on photographs and determination of the possibil-
ity of interpreting types, subtypes, genera and possibly, species of soils.
Aerospace photographs make it possible to map soils of different regions
with a greater accuracy and completeness with respect to content and rep-
- resentation of the soil cover structure. Accordingly, they make it pos-
sible to compile soil maps at medium and small scales at a qualitatively
new level,

2. Development of a new type of soil maps. Iwo new soil mapping solutions
are possible here.

Compilation of photosoil maps at a scale of 1:100,000-1:1,000,000 on which
the soil coantent of the map will be shown against the background of the
photoimage of space photographs.

Compilation of synthetic soil maps; the materials from a space survey

clearly reflect the soil cover and its interrelationship to the environ-

ment, which makes them an important base for synthesis of phenomena in a
- study of the soil cover and compilation of synthetic soil maps.

3. Study of the composition and properties of soils om the basis of re-

mote sensing. Dynamic measurement of soil temperature and moisture con-~

tent in different natural regions with the use of IR radiometers. Deter-—

mination of the humus content in surface soil horizons by means of scann-

ing detectors. By the use of remote investigation methods there can be

automatic compilation of thermal maps of the terrain, maps of soil humus
- and moisture content.

4, Investigation of the dynamic properties of solls and preservation of
their fertility. The formulation of investigations in this direction

is related to a peculiarity of an aerospace survey of the earth's surface
—- the possibility of a rapid and regular repetition of the survey. This
is especially important in judging the rapidly developing processes
transpiring in soils.

Aerospace materials can be used in solving the following problems: a) de-
termination of the intensity of water and wind erosion; mapping of eroded
soils from space photographs and ascertaining the effectiveness of pro-
tective measures for the conservation of soils; determination of centers
of propagation of sand and dust storms; b) detection of areas of soils
disrupted by industrial development and monitoring of measures for their
restoration; c¢) investigations of shore destruction of canals and reser-
voirs, determining areas of inundation of soils in the zone of their
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activity; d) determining the resources of swampy, eroded, saline lands,
especially in inaccessible regions of the country; e) development and

- improvement ¢f the method for the study of soils requiring melioration
from space survey photographs; determination of areas of seasonally and
periodically saline soils; monitoring of the functioning of irrigation
and drainage systems using materials from repeated space surveys; inven-
torying the state and change in the quality of soils and areas of cultiv-
ated lards under the influence of irrigation and drainage improvements; de-
tection of overdried lands; ascertaining the nature of moistening, times
of the next irrigation and leaching.

Under conditions of meliorable, drainable and irrigable lands it is promis-
ing to make use of aerospace methods for solution of the following prac-
tical problems in agriculture: determination of sown areas; determining
and inventorying present-day drained and irrigated areas; determination
of the general condition of agricultural crops in drained, irrigated and
nonirrigated areas; detection of possible annmalies in the development of
agricultural crops caused by different factors (soils becoming swampy,
soils becoming saline with detection of regions of secondary salinization,
absence of drainage, diseases and predators of agricultural crops, inade-
quacy of nutrients in the soil, etc.); determination of areas with leak-
age from irrjgation canals; observations of implementation of the plan for
agricultural melioration; evaluations of different methods for drainage
and irrigation, their influence on the development of agricultural crops;
- determination of soil fertility and yield of agricultural crops under ir-
- rigated conditions and on drained lands.

5. Inventorying of different types of land use and methods for their cul-
tivation. Determination of their quality for the purpsse of ensuring
rational use of lands and creation of conditions for increasing their ef-
fectiveness. Use of space photographs for compiling maps of the types of
use and preservation of lands with clarification of long-term soil re-
sources, The widespread use of aerospace materials will make possible
not only the organization of a rigorous inventory of land use, but also
the finding of additional land xesources for increasing the production
of agricultural crops.

6. Soil-agricultural regionalization of the territories of our country and
foreign countries. Soil-melioration regionalization of lands in the irri-
gated zone and drained territories. Soil-erosion regionalization. Use of
Space materials in soil regionalization will favor a deeper study of the
land resources of our country.’

In addition to strictly soil problems, the application of space photographs
in branches of agricultural science bordering on soil science is of great

importance for solution of fundamental agricultural problems. Among these
- we can mention the folliowing.
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7. Detection of areas of different agricultural crops and determination
of their yield. This direction in research is one of the key directions
in the aerospace agricultural program. Maps of food and forage crops can
be compiled for different periods in the growing season. It is possible
tc establish the relationship between crop yield, soil fertility and nat-
ural terrain conditions. In the future provision must be made for carry-
ing out an automated survey of agricultural crops from space.

8. Determination of cultivated hayfields and pastures and their condition.
Mapping and evaluation of the productivity of natural hayfields and pas-
tures for soil-geographic zones of the country. Determination of the in-
terdependence of natural vegetation, soils, geology, relief and hydro-
graphy. Determination of the principal types of meadows. Determination of
hayfields and pastures requiring superficial or radical improvement in
the natural grass stand. The problem of generalization of the plant cover
and the characteristics of its interpretation from space photographs.

9. Detection of centers of damage to agricultural crops. Determination of
an early diagnosis of diseases of grain crops, cotton, sunflowers, potato-
es, sugarbeets and other agricultural crops. Determination of centers of
contamination of agricultural crops and their mapping. Determination of
the relationship between the diseases of agricultural crops, nature of the
soil cover and natural conditions.

10. Methods for the compilation of maps of land use areas, maps of the
boundaries of land use by agricultural enterprises, cadastral maps from
space materials. On the basis of study and mapping of different land use
areas and organization of agricultural production, use of space photo-
graphs in discriminating territories with different types of agricultural
production,
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SUMMARY

During the 50 years from the time of formation and development of aerial
methods for the study of soils there have been fundamental investigations
of the interpretation and mapping cf the soil cover with the use of black-
and-white and color spectrozonal photographs in different soil~-geographic
zones of our country.

A qualitatively new jump in the study of the soil-agricultural resources -
of the earth has occurred during the last 5-10 years in connection with
the use of space and multizonal aerospace research methods. Both photo-
graphic and photoelectronic methods have been successfully developed.

The investigations which have been carried out with the use of aerospace
methods for the study of soils and generalization of the Soviet and for-
eign experience have made it possible to obtain the following results.

= 1. It has been established that aerospace methods are of great importance
for objective (reliable), precise and thorough routine collection and in-
terpretation of information on land (soils-agricultural) resources. Space
photographs, covering extensive territories of the earth, make it possible
to see and map the latitudinal and vertical zonality of soils and also to
compile and refine soil maps of medium and small scales which are more
complete in content. This effect is 1.5~2 times greater for the dry steppe
and desert zones in comparison with the methods used earlier.

On space photographs there is an objective optical generalization of the

soil cover, and as a result the concept of simple and complex integration
- has been introduced into space interpretation theory. The first is char-
acteristic for the reflection of combinations of soils on photographs, and
the second -~ for the photoimage of soil complexes.

- Space methods constitute an important tool for monitoring the state of
soils for the purpose of preserving and predicting the soil medium and
soil fertility. On photographs there is reliable interpretation of irri-
gated lands from the contrast in color of molst irrigated and dry unirri-
gated soils. Due to the extensive coverage of space photographs and the
gelieralization of details on them there is a clear representation of sec-
tors of the soil cover of modern deltas and it is possible to interpret
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goils of ancient river deltas of different age which earlier could not be
clearly detected cartographically by other methods,

Space photographs are used in agricultural interpretation for ascertaining
the processing of soils and for determining the type of agricultural crops.

We have introduced the concept of the effect of space classification of the
soil cover into the theory of soil interpretation.

2. An examination of the theoretical principles of interpretation of the
soil cover from aerospace materials indicated that at the present time the
basic method is the visual-instrumental method for investigating soils in
which there is the most complete use of the logical inferences of the in-
terpreter and a quantitative amnalysis of the photoimage of the photographs
is employed.

- A quantitative visual-instrumental method has been proposed for the inter-
pretation of soils and agricultural crops (with use of a "Kvantimet-720"
image analyzer) using aerospace photographs. The interpretability of fea-
tures is evaluated in relative units from the difference in the level of
the gray tone of adjacent soil and vegetation units. A quantitative scale
for evaluating the degree of interpretability of objects has been proposed
within the limits of the instrument operating range (64 levels of gray
tone). Using this instrument, on the photographs amidst visually seemingly
homogeneous almost white, gray or almost black images of soils or crop
areas, it is possible to detect tone differentiation, which is of great
importance in the mapping of soils. A machine analysis of photographs made
using the "Kvantimet-720" made possible a differentiated, precise and ob-.
jective compilation of soil maps.

The objectives of soil interpretation are, first of all, the detection of
genetic varieties of soil cover on aerial and space photographs and their
outlining, and second, determination and analysis of the soil units detect-
ed on the photographs. An important and independent task is the extrapola-
tion of the soil results to similar territories. An analysis of the complex
of interpretable criteria (direct -- tone, color, texture, shape, size of
the soll units; indirect -- characteristics of relief, hydrography, vege-
tation, man's agricultural activity) is the basis for the successful in-
cerpretation of soils.

- A classification of textures (parterns) of the photoimage of the soil cover

= on aerial and space photographs, a necessary condition for reliable inter-
pretation of soils, was developed. In connection with the automation of

- interpretation a new direction 1is developing ~- study of the language of
the photoimage of photographs by the recognition of characteristic struc-

: tures. The basis for the classification of textures of the soil cover image
is the objective difference in the patterns registered on the photographs,
in ‘ependence on the genetic soil varieties to which they correspond. This
principle makes it possible, In an extrapolation process, to use the dis-
criminated textures of the photoimage for a successful diagnostic interpret-
ation of the soil cover of similar territories.
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A study of the spectral reflectivity of soils in the steppe and dry steppe
zones, ‘taking into account the total reflection coefficient and in a defin-
ite narrow spectral zone, indicated that the lesser the humus content in
the soil, the greater the content of carbonates, the lighter the mechanical
composition, the greater is the reflectivity and the lighter is the soil
image on the photographs. The calcareous nature of the soills and rocks is
manifested quite sharply in the blue-green spectral zone where the soils
usually have low reflecticn coefficients. A joint analysis of the —eflect-
ivity of soils and multizonal photographs made it possible to diagnose the
soils developed cn different rocks.

Color is a reliable interpretation criterion for soils. Photographs of the
SN-6, SN-23 and SN~8 types were the best of the color spectrozonal mater-
ials for soil purposes.

On the basis of the extent of the soil units there is reliable discrimina-
tion of sectors with a uniform'soil cover and soil complexes; on the basis
of extent and shape it is possible to ascertain different elements of gully
erosion. The extent and shape of the soil contours are governed by the
nature of the relief and serve as a component part of the different tex-
tures of the photoimage of the soil cover.

The largest relief elements (geotexture and morphostructure of the earth's
surface) are shown in optically generalized form on medium- and small-scale
space photographs. Morphosculptural elements, which constitute the basis
for indirect interpretation of soils on the basis of aerial survey mater-
ials, frequently cannot be see:. on space photographs,

It was established in the interpretation of soils through cultivated vege-
tation that dense full-grown plantings conceal the surface and the struc-
ture of the soil surface. However, in a number of cases they can emphasize
the differences in the degree of erosion, moisture content, solonetzifica-
tion and fertility of soils. Grain crops from the sprouting phase to the
phase of stem extension and young tilled crops exert virtually no influence
on the soil photoimage. The soil cover of steppe areas is reliably inter-
preted through meadow and steppe virgin land vegetation on the basis of
tone and especially the pattern of its photoimage on photographs.

3. The specific nature of use of interpretation criteria in the interpreta-
tion of soil-agricultural features from space photographs involves the fol-
lowing. .

In the interpretation of soils from space photographs, due to the great
areal coverage of considerable territories, there is a marked increase in
the role of physiographic synthesis -~ allowance for indirect criteria,
interrelationships and intercausalities of all environmental components.

When using tone it must be remembered that on spate photographs it is com-
‘mon to have to contend with the integral phototone of the soil cover image.
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On space photographs there is clear interpretation of a spotty form of

soil areas with a contrasting soil cover (solonchaks, meadow-swamp soils of
depressions), but linear, meandering and dendritic forms are determined
still more reliably. Whereas on aerial photographs there is representa-
tion of individual forms of soil units, space photographs show entire re-
gions of similar shapes and dimensions.

On space photographs the image texture of the soil cover is also specific;
it is caused by the generalization of individual details of structure of
_ the earth's surface; it was established that the very same geometrical
form of texture (pattern) on aerial and space photographs can have a dif-
ferent content.

4, It has been established that new possibilities for a more complete and
objective interpretation of soils and areas of agricultural crops are be-
ing affordad by the use of multizonal aerial and space photographs.

Investigations have shown that when using multizonal aerial photographs

the highest quality of interpretation (accuracy, completeness, reliabil-
. ity) of the soll cover and agricultural crops was obtained with the joint
- use of photographs taken in the green, red and IR spectral zones.

In the steppe zone, using multizonal aerial photographs taken in the IR
region in the autumn period of a survey, it is possible to detect the
greatest difference between fields of winter wheat scwn in clean and oc-
cupied fallow, This makes it possible to predict its crop yield for the
future year. Using autumn aerial photographs taken in the red zome there
is reliable determination of typical chernozems, eroded chernozems and
meadow-chernozem soils in plowed fields, as well as plantings of perennial
grasses and sectors of unmown steppe amldst areas of mown steppe. Meadow-
chernozen soils associated with microdepressions were interpreted through
the photoimage of cultivated crops (sugar beets) on the basis of the
spotty-d-tted pattern on autumn photographs taken in the green zone, These
could not be seen through cultivated plantings on autumn photographs tak-
en in the red and IR spectral zones. On aerial photographs of surveys made
in the early summ=r (June) chernozem soils were visible in all three spec~
tral zones through the image of cultivated crops. They were not interpret-
ed through plantings of grain crops.

In the dry steppe zone, using multizonal aerial photographs taken in the
red zone, there was successful interpretation of the soil cover (dark
chestnut, meadow-chestnut, solonetz) through the direct image of grain

and cultlvated crops. In the green and IR spectral zones it shows up less
clearly or cannot be interpreted at all. Using summer and autumn photo-
graphs taken in the green and especially in the red and IR zones it was
possible to determine fields of spring wheat and barley differing in crop
yield by a factor of 1.5-2. Using July photographs of the IR spectral zone
there is reliable interpretation of the field of grain crops in dependence
on the nature of the preceding working of the soils (fallow, deep loosening
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and leveling). In this spectral zone there was also reliable determina-~
tion of fields with different times of sowing of grain and cultivated
crops and fields of bare fallow.

In the desert zone, in irrigated lands, using multispectral aerial photo-
graphs, it was possible to make reliable interpretations of gray soile and
gray-brown gypsum~bearing soils of adyry (low foothills surrounding a de-
pression), old irrigated, meadow gray soils and newly irrigated highly
saline soils with the participation of solonchaks and gray sands, Amidst
the sandy complexes in the blue-green zone there is reliable interpreta-
tion of barchan deflated sands, small mounds of sands, depressions between
ridges with ground water at a shallow depth and masses of consolidated
gray sands. Among the agricultural crops plantings of cotton and grasses
(alfalfa, Sudan grass) are readily distinguished.

5. During recent years a multizonal space survey has been coming into in~
creasingly broader use in study of the soil cover.

On one of the multizonal space photographs for the first time obtained in
our country from the "Soyuz-12, for the territory of the Mangyshlak Plat-
eau it was possible to have reliable interpretation of gray-brown solonetz-
like (gray and light gray tones) and gray-brown solonchak-like (dark gray
tone) soils, as well as chestnut soils in the Karatau Range. -

They were poorly interpreted or not interpreted at all in the blue zone of
the spectrum and had the sharpest image contrast in the yellow-orange—red
(0.58~0.64pum) spectral zone. Solonchaks and sands were determined with
the joint use of photographs in the blue and yellow-orange-red spectral
zones,

The use of space photographs from the "Salyut-4'" for the interpre.aticn of

soils in a mountainous territory indicated that the best result was ob- -
tained using color synthesized photographs and black-and-white photographs

taken in the zone 0,5-0.6 and 0.6-0.7}Am.

An interpretation of the soil cover of the steppe and desert zones using
multizonal space photographs taken from the ERTS (United States) indicated
that photographs in the range 0.6-0.74 m have the sharpest contrast of the
photoimage of soils and agricultural crops. On photographs in the zone 0.8-
1.1mm it is easy to interpret the channels of rivers along which alluvial
soils are reliably determined. Irrigated fields are reliably determined
amidst arid lands on photographs in this IR spectral range. In general,

for successful soils—agricultural interpretation from multizonal photo-
graphs of the ERTS-Landsat it is necessary to make joint use of photographs
in the spectral zones 0.5-0.6, 0.6-0.7 and 0.8-1.1ym.

An analysis of multizonal space photographs taken from the “'Soyuz-22" indi-
cated that the most precise visual-instrumental discrimination of soil
units and a thorough image of the soil cover was obtained with the joint
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use of photographs in the blue-green, red and IR (0.82)tm) spectral zones.
A densitometric processing of the multizonal photographs taken with the
MKF-6 camera made it possible to determine diagnostic spectral soil curves
-- a new and important criterion for interpretation of the soil cover.

Multizonal color space photographs synthesized with the MSP-4 instrument
have great possibilities. Due to the more easily distinguishable color
range of the photoimage of the soil cover they give the maximum effect
for both outlining soil areas and for the diagnostic interpretation of

soils.

6. A new valuable source by means of which it is possible to obtain infor-—
mation on the radiated energy of the soils and plantings in the entire
range of the electromagnetic spectrum is photoelectronic research methods.
The data from a radiothermal survey in the range 0.8-3.4 cm were effect-

ively used in studying the surface moisture content of soils.

An infrared radiometer (operating in the range 8-12pm) was used in regis~
tering several different thermal anomalies of the soil cover in the terri-
tory of the European USSR. Against the background of thermal anomalies
characteristic for the territories of Steppe Crimea and the Prichernomor-
skaya Lowland there was clear discrimination of the colder sectors of al-
luvial-meadow and meadow—swamp soils of the lower reaches of the Kuban and
Danube. Against the background of the warmer sectors of the Sal'sko-Man-

ychskaya Ridge with southern chernozems and dark chestnut soils it was pos-

sible to discriminate colder sectors of the territory of the Kuma-Manych-

skaya depression.

Side~view radars considerably supplement other methods because this equip-
ment operates successfully at nighttime and in the presence of cloud cover.

Radar photographs have been used successfully in the recognition of soils

and agricultural crops. By changing the signal direction and strength this
method makes possible an approach to study of the mineralogical composi-
tion and penetration into the depth of the soil layer. The use of radar
photographs in the territory of Northern Kazakhstan from the moird pattern
of a dark gray tone made it possible to determine dark chestnut sandy and
sandy loam soils formed under virgin land grassy vegetation of different

types; eroded soils were interpreted very clearly from the spotty-dendritic

pattern. Visible in contrast on the photographs is the antierosion strip
system of agriculture (fields with an alternation of cultivated crops and
grasses); fields of bare fallow; fields with plantings of spring grains

(wheat, barley) and grasses (crested wheatgrass).

7. For soils-agricultural purposes it is promising to carry out an aero-
space survey in different seasons of the year. The early spring period is
an important time for studying the moisture content of soils using remote

methods. The best time for a survey for the purpose of mapping of the soil

2 . cover 1sdwhen the soil surface is dried out and the fields are plowed. Two
- successi¥e summer periods (one in the phase of stem extension of grains
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and formation of fruits of agricultural crops and the other in the

phase of maturing of plants) are effective for determining the develop-
ment of agricultural crops (depending on soil fertility, application of
fertilizers, irrigation) and in the last analysis in determining their
crop yield. The autumn period is the time for determining the autumn mois-
ture reserves of soils and study of the state of developrent of winter
crops and soil mapping.

Using a space photograph of the territory of the steppe zone (typical
chernozens) for the spring survey period there was reliable determination
of freshly plowed fields and lands on which cultivated crops had been

sown. Against this background fields of winter wheat and grasses, ,meadow—
chernozen soils of steppe ravines and guliies, as well as gray forest soils
and sectors of eroded soils and poorly consolidated sands stand out in con-
trast. The different character of erosional dissection of soils was espec-
ially reliably determined from the photoimage of this photograph. On a sum-
mer space photograph it was virtually impossible to determine plowed meadow
~chernozem soils of depressions in the region of occurrence of chernozem
soils. Against the image background of gray forest soils the degree of
erosion of the territory is determined clearly.

The time of carrying out the space survey in the course of the day exerts
a significant influence on the photoimage of the soil cover and sown crops.
In the steppe zone in the morning hours of a survey from space (June) it
is easy to interpret fields with different sown crops, In a survey at mid-
day the gully-ravine network stands out in great contrast.

An analysis of long-term changes of the soil-vegetation cover revealed a
stable, modified (in part) and highly modified (meliorated territories)
nature of the photoimage of the soil cover. The use of aerial photographs
and space photographs of different survey years for one and the same ter-
ritory is affording new possibilities for studying the dynamics of erosion-
al processes, objective detection and prediction of changes in the soil
cover accompanying melioration work.

Routine surveying at different times is the basis for objective inventory-
ing of soils and agricultural crops, their state, development, determina-
tion and prediction of crop yields.

8. Keys for soil intérpretation are prepared on the basis of an investiga-
tion and analysis of the photoimage of the soill cover of key sectors on
aerial and space photographs. They include:

a) aerial and space photographs with the results of interpretation in the
form of a sample of a soil map frequently compiled on a transparent base;
the photographs and maps are at the same scale and when they are matched
it is easy to determine the soil units and the characteristics of their
photoimage; for each photograph data are given on the scale, time and form
of the survey (black-and-white isopanchromatic or infrachromatic; color
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"natural" or spectrozonal; multizonal, multispectral with an indication
of the surveyad specti‘al regions; IR, radar); in addition, there is indi
cation of the natural region, in accordance with the soil-geographical
regionalization, to which the photograph belongs; b) tables and keys for
the interpretation of soils which contain the names of the soils and the
properties of their upper horizonms exerting an influence on the photoim—
age (content of humus, carbonates, iron oxides, salts, moisture; mechan-—
ical composition); coefficient of soil reflectivity; data on relief, vege-
tation and geology (soil-forming rocks) and soil interpretation criteria;
explanatory text with a description of the natural conditions and the soil
cover and an indication of the peculiarities of soil interpretation of the
analyzed photograph; with the use of multizonal photographs there is an
effect from the use of individual spectral zones or their combinations

for soil identification.

9. In the present stage of development and use of aerospace methods fer
the study of soil resources an important economic effect is noted from the
creation and revision of soil maps. The use of these methods makes it pos—
sible to compile soil maps which are more precise and more complete in
content. At the same time, using remote techmiques it has become possible
simultaneously over extenmsive territories to study the properties of soils
in the field, which earlier was not possible in research.

In the compilation of soil maps from multizonal aerospace photographs with
use of an image analyzer ("Kvantimet-720") there is an increase in the role
of preliminary office interpretation of soils and detection of their prop-—
erties, having great importance for increasing fertility. When samples of
soil interpretation and soil maps of a similar or larger scale than the
future map compilation are available for the investigated region, a map

of preliminary soil interpretation is compiled in the office period and

is then refined.

In the case of a large-scale soil survey with the use of aerial methods
there is a reduction in the number of test pits by a factor of 2-3, with
some increase in the number of primary and secondary pits as a result of
more complete information on the soil cover which is provided by aerial
photographs.

It was established that in medium-scale mapping of soils in the dry steppe
and desert zones with the use of aerial methods the completeness of the
content and quality of the maps increase by a factor of 2-3,

In the small-scale mapping of soils with the use of space photographs the
soil maps were compiled more completely with respect to content with an
objestive representation of the generalized structure of the soil cover
on tiiem. In comparison with available methods (for the dry steppe and
desert zones) the effect is increased by a factor of 1.5-2. Space photo-
grapus, as a result of their extensive coverage and the optical general-
ization of details of soil structure, made it possible to interpret and
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precisely map the complex soil cover of floodplains and deltas of rivers,
alluvial fans of mountain rivers, areas of dry channels in the south and

. inaccessible meadow lowlands in Yakutia, etc. It was established that the
interpretability of the soil cover and the effectiveness of study of soils
and the compilation of soil maps of the territory of dry steppe and desert
zones from space photographs is several times greater than in the steppe
zone. This is attributable to the greater contrast of the soil cover and
the lesser agricultural exploitation of soils in the deserts and semides-~
erts.

Taking into account international data, especially from the United States,
it is assumed that in the study of the soil-agricultural resources each
ruble invested in the technology of remote investigations and new direc-
tions for their use will give an economic effect five times as great.

10. In the long run, for the effective use of aerospace materials in soil
science and agriculture it is important to make investigations of the fol-
lowing scientific-methodological problems:

-- further evaluation of the information content of aerospace materials on
soils and agricultural crops in different parts of the spectrum — from
the ultraviolet to the radiorange; further Jevelopment of means for remote
sensing of the earth's surface, qualities of soils, condition of sown
crops;

~-- creation of aerospace interpretation keys for soils and agricultural
crops and formulation of criteria for the reliability of office interpret-
ations

-~ investigation of the spectral brightness of soils and agricultural crops
for the entire range of the electromagnetic spectrum for different natural
- and technical survey conditions;

~- formulation of a classification of soil cover images based on study of
their texture for the purpose of enhancing the informaticn possibilities of
the used materials;

-— study of the peculiarities of the photoimage of soils and plantings of
agricultural crops on aerospace materials in dependence on survey time and
season;

-— development of methods for the automated (using an electronic computer)
computer identification of soils and crops from aerospace photographs.

On the bhasis of the data collected in study of the soil cover and the con-
dition of agricultural crops from aerospace materials it is possible to
make an approach to evaluation of the fertility of different soils, the

yield of agricultural crops and the productivity of mown fields and pas-
tures.

= 290

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

BIBLIOGRAPHY

1. Abrosimov, I. K., Vostokova, Ye. A., "Prospects for the Use of Space
Survey Materials in Hydrogeological Investigatioms,” IZV. VUZOV,
GEOLOGIYA I RAZVEDKA (News of Institutes of Higher Education, Geology

and Geological Exploration), No 7, 1973,

2. Andronikov, V. L., "Method for Interpretation of the Soil Cover in the

- Wooded Steppe from Aerial Photographic Materials," POCHVOVEDENIYE

(Soil Science), No 5, 1957.

_ 3. Andronikov, V. L., "Spectral Reflectivity of Soils in the Wooded
- Steppe," IZV. AN SSSR, SERIYA GEOGRAF. (News of the USSR Academy of

Sciences, Geography Series), No 3, 1958b.

4. Andronikov, V. L., "Use of Color Aerial Photographs in Soil Investig-

ations," AEROMETODY IZUCHENIYA PRIRODNYKH RESURSOV (Aerial Methods for

Study of Natural Resources), Moscow, 1962.

wlin

I
w
.

the USSR," POCHVOVEDENIYE, No 1, 1967.

Andronikov, V. L., "Development of Aerial Methods in Soil Mapping in

6. Andronikov, V. L., "Aerial Methods for the Study of Soil Erosiom,"
VESTNIK SEL'SKOKHOZYAYSTVENNOY NAUKI (Herald of Agricultural Sciences),

- No 2, 1968.

- 7. Andronikov, V. L., "Calibration of Aerial Photographs in Soil Science,"
MATERIALY III VSESOYUZNOGO S"YEZDA POCHVOVEDOV (Materials of the Third

All-Union Congress of Soil Scientists), No 5, 1968.

8. Andronikov, V. L., "Possibilities of Use of Space Photographs in Soil
Science," AEROMETODY GEOGRAFICHESKIKH ISSLEDOVANIY (Aerial Methods in

Geographical Research), Moscow, 1972.

9. Andronikov, V. L., "Use of Space Photographs in Soil Science," POCHVO-

VEDENIYE, No 1, 1974.

- 10. Andronikov, V. L., "Soil Cover and its Interpretation from Materials

of Aerial and Space Surveys," ISSLEDOVANIYE PRIRODNOY SREDY KOSMICH-
ESKIMI SREDSTVAMI (Environmental Studies by Space Vehicles), Vol 3,

1Y74,

291
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

FOR OFFICIAL USE ONLY

11. Andronmikov, V. L., "Experience in Soil-Agricultural Use of Space Pho-
tographs,” DOKLADY VASKhNIL (Reports of the All-Union Agricultural
- Academy), No 8, 1973.

12. Andronikov, V. L., "Use of Space Photographs for Studying the Soil
Cover," TRUDY X MEZHDUNARODNOGO KONGRESSA POCHVOVEDOV (Transactions
of the Tenth International Congress of Soil Scientists), Vol 12, 1975.

13. Andronikov, V. L., "Space and Remote Investigations in Soil Science
and AgriCulture," VESTNIK SEL'SKOKHOZYAYSTVENNOY NAUKI (Herald of Ag-
ricultural Science), No 3, 1974.

) 14. Andronikov, V. L., "Interpretation of Soils and Agricultural Crops in

- the Kurskiy Polygon from Spectrozonal and Multizonal Aerial Photo-
graphs,” ISSLEDOVANIYE PRIRODNOY SREDY KOSMICHESKIMI SREDSTVAMI (In-
vestigation of the Environment by Space Vehicles), Moscow, 1976.

15. Andronikov, V. L., "Use of New Remote Methods in Soil Science in the
USSR," TRUDY XI MEZHDUNARODNOGO KONGRESSA POCHVOVEDOV (Transactions
of the Eleventh International Congress of Soil Scientists), Vol I,
Canada, 1978.

- 16. Andronikov, V. L., "Use of Multizonal Space Photographs for Studying
the Soil Cover," POCHVOVEDENIYE, No 1, 1979. )

17. Andronikov, V. L., Sinitsina, M. G., Shershukova, G. A., "Use of Aer-
ial and Space Photographs for Studying the Structure of the Soil
Cover," ISSLEDOVANIYE PRIRODNOY SREDY KOSMICHESKIMI SREDSTVAMI, Mos-
cow, 1976.

18. ' Andronikov, V. L., Stolbovoy, V. S., "Use of an Image Analyzer for a
Quantitative Description of Virginland and Plowed Complexes from
Aerial Photographs," TEZISY DOKLADOV TRET'YEGO SOVESHCHANIYA PO
STRUKTURE POCHVENNOGO POKROVA (Summaries of Reports at the Third Con-
ference on Structure of the Soil Cover), Moscow, 1976.

19. Apostolov, Yu. S., Gorbatov, V. A., "Small-Format Aerial Photographic
Survey in Geological-Geographic Investigations," AEROMETODY IZUCHENIYA
PRIRODNOY SREDY (Aerial Methods for Studying the Environment), Moscow,
1975.

20. Apostolov, Yu. S., Selivanov, A. S., "Multispectral Surveys of Natural
Features by the 'Fotoskaner' Optical-Mechanical Scanning Complex,"
AEROMETODY V CEOGRAFII (Aerial Methods in Geography) , Moscow, 1974.

- 21. Afanas'yev, N. F., Kazantsev, Yu. V., Meleshko, K. Ye., Tolchel 'nikov,
Yu. S., "Some Problems in a Multispectral Survey fox Study of Land-

scapes," 1ZV. VSESOYUZNOGO GEOGRAFICHESKOGO OBSHCHESTVA SSSR (News of
the All-Union Geographical Society USSR), No 4, 1978.

292

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

22. Afanas'yeva, T. V., ISPOL'ZOVANIYE AEROMETODOV PRI KARTIROVANII 1
ISSLEDOVANII POCHV (Use of Aerial Methods in Mapping and Investigat-—
= ing Soils), Moscow, 1965.

23. Afanas'yeva, T. V., Petrusevich, Yu. M., Trifonova, T. A., PRAKTIKUM
PO DESHIFRIROVANIYU AEROFOTOSNIMKOV PRI POCHVENNYKH ISSLEDOVANIYAKH
(Practical Manual on the Interpretation of Aerial Photographs in
Soil Investigations), Moscow, 1977.

24. AEROKOSMICHESKIYE ISSLEDOVANIYA ZEMLI (Aerospace Investigations of
the Earth), Moscow, 1979.

25. Basharinov, A. Ye., Borodia, L. F., Shutko, A. N., "SHF Radiation
_ Characteristics of Moist Ground," ISSLEDOVANIYE PRIRODNOY SREDY KOSMI-
CHESKIMI SREDSTVAMI (GEOBOTANIKA, POCHVOVEDENIYE, GIDROLOGIYA) (Inves-
tigation of the Environment by Space Vehicles (Geobotany, Soil Sci-
ence, Hydrology), Vol 3, Moscow, 1974.

26. Bel'chanskiy, G. I., Bumblis, V. I., Kel'ner, Yu. G., Sazonov, N. V.,
"Jse of Data Obtained by Remote Methods in Developing Maps," 8 MEZH-
DUNARODNAYA KARTOGRAFICHESKAYA KONFERENTSIYA (Eighth International
Mapping Conference), Moscow, 1976.

27. Beregovoy, G. T., Buznikov, A. A., et al., ISSLEDOVANIYA PRIRODNOY
SREDY S PILOTIRUYEMYKH ORBITAL'NYKH STANTSIY (Investigations of the
Environment from Manned Orbital Stations), Leningrad, 1972.

28, Bogomolov, L. A., TOPOGRAFICHESKOYE DESHIFRIROVANIYE PRIRODNOGO LAND-
SHAFTA NA AEROSNIMKAKH (Topographic Interpretation of the Natural
Landscape on Aerial Photographs), Moscow, 1963.

29; Bogomolov, L. A., "Use of an Aerial Survey and a Space Survey in Geo~-
graphic Investigations," KARTOGRAFIYA (Cartography), Vol 5, 1973, Vol
6, 1974, Vol 7, 1975.

30. Bogomolov, L. A., DESHIFRIROVANIYE AEROSNIMKOV (Interpretation of Aer-
ial Photographs), Moscow, 1976,

31. Bryukhanov, V. N., Makhin, G. V., "Fundamental Directions in Aerial
and Space Methods for Geological Research,' AEROMETODY IZUCHENIYA
MESTNOSTI (Aerial Methods for Studying the Terrain), Moscow, 1973.

32. Viktorov, S. V., AEROLANDSHAFTNAYA INDIKATSIYA POSLEDSTVIY DEYATEL'-
NOSTI CHELOVEKA V PUSTYNE (Aerial Landscape Sensing of the Results
of Man's Activity in the Desert), Moscow, 1973.

33, Viktorov, S. V., Vostokova, Ye. A., Vyshivkin, D. D., VVEDENIYE V

INDIKATSIONNUYU GEOBOTANIKU (Introduction to Indication Geobotany),
Moscow, 1962,

293

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

34.

35.

36,

37.

38.

39.

40.

41,

42,

43,

b4,

46,

FOR OFFICIAL USE ONLY

Vinogradov, B. V., AEROMETODY IZUCHENIYA RASTITEL'NOSTI ARIDNYKH ZON
(Aerial Methods for Studying Vegetation in Arid Zones), Moscow-Lenin-
grad, 1966.

Vinogradov, B. V., KOSMICHESKIYE METODY IZUCHENIYA PRIRODNOY SREDY
(Space Methods for Studying the Environment), Moscow, 1976.

Vinogradov, B. V., Kondrat'yev, K. Ya., KOSMICHESKIYE METODY ZEMLE-
VEDENIYA (Space Methods in Earth Science), Leningrad, 1971.

Vinogradov, B. V., Glushko, Ye. V., "Interpretation of Vegetation and

Agricultural Fields in the Semidesert Zone in the Example of the Tur-

gayskiy Key Sector from Multizonal Photographs,” ISSLEDOVANIYE PRIROD-
NOY SREDY KOSMICHESKIMI SREDSTVAMI, Moscow, 1976.

Vostokova, Ye. A., "Ways to Use Aerospace Photographs for the Purpose
of Preserving Nature,”" ZEMLEDELIYE (Plant Production), Vol 12, 1977.

Gaveman, A. V., Liverovskiy, Yu. A., "Aerial Photographic Surveying in
Soil Mapping," POCHVOVEDENIYE, No 3, 1953.

Garelik, I. S., Corodetskaya, M. Ye., Kozlova, A. Ye., Fadeyeva, N.
V., "Comparative Informativeness of Multizonal Photographs in the
Study of Relief and Landscapes of the Semidesert and Dry Steppe in
the Example of the Turgayskiy Polygon," ISSLEDOVANIYE PRIRODNOY SREDY
KOSMICHESKIMI SREDSTVAMI, Moscow, 1976.

Gerasimov, I. P., Grin, A. M., "Experimental Polygon for Study of Nat-
ural Geosystems in the Central Part of the Wooded Steppe of the Rus~
sian Plain (Characteristics, Program, First Results)," IZV. AN SSSR
(SERIYA GEOGRAF.), No 1, 1976.

Glushko, Ye. V., "Tracing of the Spring Dessication of Soils of the
Subarid Zones from Space Television Images," ISSLEDOVANIYE PRIRODNOY
SREDY KOSMICHESKIMI SREDSTVAMI, Moscow, 1976.

Gol'dman, L. M., "Use of a Color Aerial Survey in the Study of the
Terrain," TR. TsNIIGAiK (Transactions of the Central Scientific Re-
search Institute of Geodesy, Aerial Mapping and Cartography), No 37,
Moscow, 1960.

Gol'dman, L. M,, PRIMENENIYE SPETSIAL'NYKH VIDOV AEROS"YEMKI (Use of
Special Types of Aerial Survey), ONTI TsNIIGAiK, Moscow, 1978,

Gol'dman, L. M., Vol'pe, R. I., "Interpretation of Aerial Photographs
in a Topographic Survey and in Revision of Maps at Scales 1:10,000
and 1:25,000," TR. TsNIIGAiK, No 185, Moscow, 1968.

Gospodinov, G. V., DESHIFRIROVANIYE AEROSNIMKOV (Interpretation of
Aerial Photographs), MGU, 1961.

294

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

47,

48,

49,

50.

52.

53.

54,

56.

57.

Grigor'yev, Al. A., KOSMICHESKAYA INDIKATSIYA LANNDSHAFTOV ZEMLI (Space
Sensing of the Earth's Landscapes), Leningrad, 1975.

Grigor'yev, G. I., Simakova, M. S., "Experience in the Interpretation
and Mapping of Cultivated Soddy-Podzolic Soils from Aerial Photo-
graphs,” KRUPNOMASSHTABNAYA KARTOGRAFIYA POCHV (Large-Scale Soil
Mapping), Moscow, 1971,

Deyneko, V. F., Yelesin, G. S., "Principal Directions in Scientific
Research Work of the State Institute of Land Resources in the Field
of Aerial Photographic Methods for Agriculture," AEROMETODY GEOGRAF.
ISSLED. (Aerial Methods in Geographic Research), Moscow, 1972.

Yelesin, G. S., Deyneko, V. F., Kalnina, V. A., Bulatov, D, S., "In-
vestigation in the Field of Aerial Photographic Methods,” SB. NAUCH-
NYKH TRUDOV GosNII ZEMEL'NYKH RESURSOV (Collection of Scientific
Papers of the State Scientific Research Institute of Land Resources),
No 17, 1977.

Zaytsev, Yu. A,, Mukhina, L. A,, PRIMENENIYE TSVEINOY I SPEKTROZON-
AL'NOY AEROFOTOS'YEMKI V GEOLOGLCHESKIKH TSELYAKH (Application of
Color and Spectrozonal Aerial Surveys for Geological Purposes), Mos-—
cow, 1966.

Ziman, Ya. L., Sazhko, M, Yu.,, Tsitovich, V. S., "Aircraft Laborator-
ies and Experience in Their Use in the Testing of Means and Methods
for Remote Investigations of Terrestrial Resources," ISSLEDOVANIYE
ZEMNYKH RESURSOV KOSMICHESKIMI SREDSTVAMI (Investigations of the
Earth's Resources by Space Means), Part 1, Moscow, "Nauka," 1975.

Zomn, S. V., "Results and Prospects for Study of Natural Resources by
Aerospace Methods," IZV. AN SSSR (SERIYA BIOLOGICHESKAYA) (News of
the USSR Academy of Sciences, Biological Series), No 5, 1977.

Iordanskiy, A. N., ""Spectrozonal Photography," NAUCHNAYA I PRIKLADNAYA
FOTOGRAFIYA I KINEMATOGRAFIYA (Scientific and Applied Photography and
Cinematography), Vol 2, No 1, 1967,

ISSLEDOVANIYE PRIRODNOY SREDY KOSMICHESKIMI SREDSTVAMI (Investigation
of the Enviromment by Space Vehicles), Moscow, Nos 1, 2, 1973, No 3,
1974, No 4, 1975, Nos 5, 6, 1976.

"Use of Space Photographs in the Study and Mapping of Natural Re-
sources," TR. GOS. N-I I PROIZV. TSENTRA "PRIRODA" (Transactions of
the State Scientific Research and Production Center "Priroda"), No 1,
Moscow, 1977.

Kalnina, V. A., "Application of the Principles of the Landscape Meth-

od of Interpretation for the Study and Mapping of Soils Using Mater-
ials from an Aerial Photosurvey," POCHVOVEDENIYE, No 2, 1971.

. 295
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

59.

60.

61.

62.

63.

64,

65.

66.

67.

FOR OFFICIAL USE ONLY

Karmanov, I. I., SPEKTRAL’NAYA.OTRAZHAYUSHCHAYA_SPOSOBNOST' I TSVET
POCHV KAK POKAZATELI IKH SVOYSTV (Spectral Reflectivity and Color of
Soils as Indices of Their Properties), Moscow, 1974.

Kiyenko, Yu. P., Kel'ner, Yu. G., "Prospects for Using Wide-Coverage
Special Photomaps in the Preservation of Nature," PRIMENENIYE AERO-
KOSMICHESKIKH METODOV DLYA IZUCHENIYA OKRUZHAYUSHCHEY SREDY I PRIROD-
NYKH RESURSOV (6 VSESOYUZNAYA KONFERENTSIYA PO TEMATICHESKOMU KARTO-
GRAFIROVANIYU, KIYEV) (Sixth All-Union Conference on Special Mapping,
Kiev), Moscow, 1975,

Knizhnikov, Yu. F., Kravtsova, V. I., Fivenskiy, Yu. I., "Space Survey
and Special Mapping," PUTI RAZVITIYA KARTOGRAFIYA (Ways to Develop
Mapping), Moscow, 1975.

Knizhnikov, Yu. F., Kravtsova, V. I., "Fields of Effective Use of Mul-
tizonal Space Surveys (from Results of Analysis of Photographs from
the "Soyuz-12' Spaceship)," MNOGOZONAL'NAYA AEROKOSMICHESKAYA S"YEMKA
I YEYE ISPOL'ZOVANIYE PRI IZUCHENII PRIRODNYKH RESURSOV (Multizonal
Aerospace Survey and its Use in the Study of Natural Resources), Mos-
cow, 1976,

Kozlovskiy, F. I., et al., "Use of the OSMA Method for Investigating
the Structure of Solonetz-like Complexes," BYULL. POCHVENNOGO INSTITUTA
IM. V. V. DOKUCHAYEVA (Bulletin of the Soil Institute im. V. V. Doku-
chayev), No 10, Moscow, 1975.

Komarov, V. B., Starostin, V. A., Nyavro, B. P., "Radar Aerial Survey

and its Importance in the Complex of Aerial and Space Methods of Geo-

logical Research," ISSLEDOVANIYE PRIRODNOY SREDY KOSMICHESKIMI SREDST-
VAMI (GEOLOGIYA I GEOMORPOLOGIYA) (Investigation of the Environment by
Space Vehicles (Geology and Geomorphology)), Moscow, 1973.

Komarov, I. S., Rubakhin, V. F., Safromov, L. T., "Interpretation of
Aerial Photographs as a Cognitive and Informational Process,"”" AERO-
S"YEMKA I YEYE PRIMENENIYE (Aerial Survey and its Application), Mos-
cow, 1967.

Kondrat'yev, K. Ya., Shul'gina, Ye. M., "Determination of Some Charac-
teristics of the Soil from Measurements of its Microwave Emission,”
DOKL. AN SSSR (Reports of the USSR Academy of Sciences), Vol 200, No
1, 1971.

KOSMICHESKAYA S"YEMKA I TEMATICHESKOYE KARTOGRAFIROVANIYE (Space Sur-
vey and Special Mapping), Moscow, 1979.

Kravtsova, V. I., KOSMICHESKOYE KARTOGRAFIROVANIYE (Space Mapping),
Moscow, 1977.

296

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

68.

69.

70.

71.

72,

73.

74,

75.

76.

77.

78.

Krinov, Ye. L., SPEKTRAL'NAYA OTRAZWATEL'NAYA SPOSOBNOST' PRIRODNYKH
OBRAZOVANIY (Spectral Reflectivity of Natural Features), Moscow,
1947,

KRUPNOMASSHTABNAYA KARTOGRAFIYA POCHV (Large-Scale Soil Mapping),
Moscow, 1971.

Kudritskiy, D. M., Kell', N. G., "Problems in the Theory of Interpret-
ation of Aerial Photographs," AEROFOTOS"YEMKA -— METOD IZUCHENIYA
PRIRODNOY SREDY (Aerial Photographic Survey -- Method for Studying
the Environment), Leningrad, 1973.

Kuznetsov, V. V., "Method for Soil Melioration Mapping on the Basis
of Aerial Methods," POCHVOVEDENIYE, No 8, 1965.

Kuleshov, L. N., Kalnina, V, A., Dobrovitskaya, R. V., "Possibilities
of Use of Space Photographs in Soil Investigations,' TEZISY DOKLADOV
V DELEGATSKOGO S'YEZDA VOP (Summaries of Reports at the Fifth Confer-
ence of Delegates of the All-Union Society of Photogrammetrists),
Minsk, 1977.

Labutina, I. A., Chechneva, N. V., "Method for the Use of Multizonal
Aerial Photographs for Identifying the Composition of Agricultural
Crops in the Irrigated Lands of Central Asia," MNOGOZONAL'NAYA AERO-
KOSMICHESKAYA S"YEMKA I YEYE ISPOL'ZOVANIYE PRI IZUCHENII PRIRODNYKH
RESURSOV (Multizonal Aerospace Survey and its Use in Study of Natural
Resources), Moscow, 1976.

Levengaupt, A. I., "Experience in the Use of an Aerial Photographic
Survey in the Study of Soils in the Dnepropetrovskiye Overfiow Lands,"
MATERIALY PO PROBLEME NIZHMEGO DNEPRA (Materials on the Problem of the
Lower Dnepr), Kn. 2, Leningrad, 1931.

Lepeshev, A. A., Smeyan, N. I., "Remote Methods for Investigation of
the Eroded Soils of the Belorussian SSR for the Antierosion Organiza-
tion of Terrain,'" PRIMENENIYE AEROKOSMICHESKIKH METODOV DLYA IZUCHEN-
IYA OKRUZHAYUSHCHEY SREDY I PRIRODNYKH RESURSOV (6 VSESOYUZNAYA KON-
FERENTSIYA PO TEMATICHESKOMU KARTOGRAFIROVANIYU, KIYEV), Moscow, 1975.

Liverovskiy, Yu. A., "Use of Aerial Methods in Soil Science," POCHVO-
VEDENIYE, No 6, 1957.

Liverovskiy, Yu. A. (editor), METODIKA SOSTAVLENIYA KRUPNOMASSHTABNYKH
POCHVENNYKH KART S PRIMENENIYEM MATERIALOV AEROFOTOS"YEMKA (Method for

Compiling Large-Scale Soil Maps With Use of Materials from an Aerial
Photographic Survey), Moscow, 1962,

Lur'ye, I. K., Tishchenko, A. P., "Digital Methods for the Processing
of Multizonal Photographs in Study of the Earth's Natural Resources,"
MHOGOZONAL'NAYA AEROKOSMICHESKAYA S"YEMKA (Multizonal Aerospace Sur—
vi.y), Moscow, 1976,

297

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

79.

€0.

81.

82.

83.

84.

85,

86.

87.

88.

¥OR OFFICIAL USE ONLY

Mikhaylov, V. Ya., AEROFOTOGRAFIYA I OBSHCHIYE OSNOVY FOTOGRAFII (Aer-
ial Photography and General Principles cf Pihotography), Moscow, 1959.

METODY DESHIFRIROVANIYA PRIRODNYKH OB"YEKTOV PO IKH MNOGOZONAL 'NYM
IZOBRAZHENIYAM (Methods for the Interpretation of Natural Features
from Their Multizonal Images,” TR. GOS. NITSIPR (Transactions of the
Scientific Research Center for the Study of Natural Resources), No 2,
Leningrad, 1976.

Miroshnichenko, V. P., Tolchel'nikov, Yu. S., Afanas'yev, N. F.,
VOPROSY RAZVITIYA DISTANTSIONNYKH METODOV ISSLEDUOVANIYA PRIRODNOY
SREDY I MODELIROVANIYA GEOSISTEM NA XXII1 MEZHDUNARODNOM GEOGRAFICHESK-
OM KONGRESSE (Problems in Development of Remote Methods for Investiga-
tion of the Environment and Modeling of Geosystems at the 23d Inter-
national Geographical Congress), No 4, 1977.

Nekhoroshev, M. Ye., Obiralov, A. I., Raspolozhenskiy, N. A., "Use
of Images for Ohtaining Information for Agriculture and Soils,"
MATERTALY 12 MEZHDUNARODNOGO FOTOGRAMMETRICHESKOGO KONGRESSA (Mater-—
ials of the 12th International Photogrammetric Congress), Ottawa,
Canada, 1972,

Obukhov, A. I., Orlov, D. S., "Spectral Reflectivity of the Most Im-
portant Types of Soils and the Possibility of Using Diffuse Reflec-
tion in Soil Investigations," POCHVOVEDENIYE, No 2, 1964.

Orlov, V. N., '"Methods for Microphotometric Interpretation and Compil-
ation of Standard Characteristics of Centers of Water and Wind Erosion
of Soils on the Basis of an Analysis of Aerial Photographic Images,"
TR. UKRAINSKOGO N.-I, GIDROMETEOROLOGICHESKOGO INSTITUTA (Transactions
of the Ukrainian Scientific Research Hydrometeorological Institute),
No 157, 1977.

Pankova, Ye. I., Mazikov, V. M., "Evaluation of Salinization of Irri-
gated Soils in Cotton Fields from Aerial Photographs,' POCHVOVEDENIYE,
No 5, 1976. :

Petrov, B. N., "Orbital Stations and Study of the Earth from Space,"
VESTNIK AN SSSR (Herald of the USSR Academy of Sciences), No 10, 1970.

Polyakov, V. G., "Color and Spectrozomal Aerial Photographic Surveys
in Study of the Soil Cover of Kazakhstan," SOVREMENNOYE ZEMLEUSTROYST-
vo, IZUCHENIYEvI’ORGANIZAISIYA RATSIONAL'NOGO ISPOL'ZOVANIYA ZEMEL'-
NYKH RESURSOV (Modern Land Use, Study and Organization of Rational
Use of Land Resources), Moscow, 1972.

Prasolov, L. I., "Use of an Aerial Photographic Survey for Soil Mapp-
ing," MATERIALY ITII VSESOYUZNOGO SOVESHCHANIYA PO AEROS"YEMKE (Mater-
ials of the Third All-Union Conference on Aerial Surveying), Lenin-
grad, 1931,

298

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

89.

90.

91.

92.

93.

9.

5.

96.

97.

98.

99.

Preobrazhenskiy, A. S., "Use of Aerial Methods in Soil Investiga-
tions," TR. LABORATORII AEROMETODOV AN SSSR (Transactions of the Aer-
ial Methods Laboratory USSR Academy of Sciences), Vol 7, 1959.

PRIMENENIYE DISTANTSIONNYKH METODOV PRI SOZDANII TEMATICHESKIKH KART
(Use of Remote Methods in the Creation of Special Maps), Mosk. Filial
Geograficheskogo Obshchestva SSSR, Moscow, 1978.

Rachkulik, V. I., Sitnikova, M. V., "Indicatrices of Reflection of
Desert Soils," TR. SREDNEAZIATSKOGO REGIONAL'NOGO N.-I. GIDROMETEOR-
OLOGICHESKOGO INSTITUTA (Transactions of tle Central Asiatic Region-
al Scientific Research Hydrometeoroiogical Institute), No 28, 1976.

Rodionov, B. N., responsible editor, KOSMICHESKAYA IKONIKA (Space Im-
agery), Moscow, 1973.

Rozenfel'd, A., RASPOZNAVANIYE I OBRABOTKA IZOBRAZHENIY (Identifica-
tion and Processing of Images), Moscow, 1972,

Rozov, N, N., GRUPPIROVKA POCHV DLYA KACHESTVENNOGO UCHETA ZEMEL'NOGO
FONDA S3SR (Grouping of Soils for a Qualitative Inventory of the Land
Resources of the USSR), Moscow, 1968.

Rubakhin, V. F., "Physiological and Psychological Principles for the
Interpretation of Aerial Photographs,' TEORIYA I PRAKTIKA DESHIFRIRO-
VANIYA AEROSNIMKOV (Theory and Practice of Interpretation of Aerial
Photographs), Moscow-Leningrad, 1966.

RUKOVODSTVO PO SOSTAVLENIYU POCHVENNYKH I AGROKHIMICHESKIKH KART
(Manual on the Compilation of Soil and Agrochemical Maps), Moscow,
1964.

Salishchev, K. A., Alekseyev, V. I., Bashenina, N. V., et al., "Com-
plex Geographic Interpretation of Space Photographs for Special Mapp-
ing," ISSLEDOVANIYE PRIRODNOY SREDY KOSMICHESKIMI SREDSTVAMI (GEO-
GRAFIYA, METODY KOSMICHESKOY FOTOS"YEMKI) (Investigation of the En-
vironment by Space Vehicles (Geography, Methods for Space Photosur-
veying)), Vol 4, Moscow, 1975.

Sevast'yanov, V. I., "Photographic Experiments in the Multiday Flight
of a Spaceship," IZV. VUZov, GEODEZIYA I AEROFOTOS"YEMKA (News of
Institutions of Higher Education, Geodesy and Aerial Photographic
Surveying), No 6, 1972,

Semenov, N. N., "Use of Materials from an Aerial Photographic Survey
in an Investigation of the Soil Cover of the Steppe and Dry Steppe
Zones," ISPOL'ZOVANIYE AEROMETODOV PRI ISSLEDOVANII PRIRODNYKH RE-
SURSOV (Use of Aerial Methods in Investigation of Natural Resources),
Moscow, 1961.

299

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

100.

101.

102.

103.

104,

105.

106.

107.

108,

109,

110.

111.

FOR OFFICIAL USE ONLY

Semenov, N. N., Mozhayeva, V. G., "Experience in Use of a Radar
Aerial Survey in Soil Mapping," POCHVOVEDENIYE, No 10, 1973.

Simakova, M. S., "Method for Mapping the Soils of the Caspian Low-
land Using Materials from an Aerial Photographic Survey,' POCHVENNO-
GEOGRAFICHESKIYE ISSLEDOVANIYA I ISPOL'ZOVANIYE AEROFOTOS"YEMKA V
KARTOGRAFII POCHV (Soil-Geographic Investigations and Use of an
Aerial Photographic Survey in the Mapping of Soils), Moscow, 1959.

Simakova, M. S., "Field and Office Interpretation of Aerial Photo-
graphs in the Compilation of Soil Maps," POCHVOVEDENIYE, No 2, 1966.

Simakova, M. S., Andronikov, V. L., "Status and Ways to Develop Meth-
ods for the Large-Scale Mapping of Soils With the Use of Materials
from an Aerial Photographic Survey," KRUPNOMASSHTABNAYA KARTOGRAFIYA
POCHV, Moscow, 1971,

Smirnov, L. Ye., TEORETICHESKIYE OSNOVY I METODY GEOGRAFICHESKOGO
DESHIFRIROVANIYA AEROSNIMKOV (Theoretical Principles and Methods
for the Interpretation of Aerial Photographs), Moscow, 1967.

Smirnov, L. Ye., AEROKOSMICHESKIYE METODY GEOGRAFICHESKIKH ISSLEDO-
VANIY (Aerospace Methods for Geographic Research), Leningrad, 1975.

Sorkina, N. P., "Elementary Soil Structures in the Fields of the
Kura Experimental Station," KRUPNOMASSHTABNAYA KARTOGRAFIYA POCHV I
YEYE ZNACHENIYE V SEL'SKOM KHOZYAYSTVE CHERNOZEMNOY ZONY (Large-
Scale Mapping of Soils and its Importance in Agriculture of the
Chernozem Zone), Moscow, 1976,

Sukhikh, V. I., El'man, R. I., Bogachev, L. V., OPYT LESOTAKSATS~
IONNOGO MASHINNOGO DESHIFRIROVANIYA AEROSNIMKOV (LESOUSTROYSTVO,
TAKSATSIYA I AEROMETODY) (Experience in Forest Inventory in Com-—
puter Interpretation of Aerial Photographs (Forest Management, In-
ventorying and Aerial Methods)), Leningrad, 1978.

Tolchel'nikov, Yu. S., "Reflectivity of the Principal Types of Soils,"
TR. LABORATORII AEROMETODOV AN SSSR, Vol 7, 1959.

Tolchel'nikov, Yu. S., DESHIFRIROVANIYE PO AERCSNIMKAM POCHV SEVER-
NOGO KAZAKHSTANA (Interpretation of Soils of Northern Kazakhstan
from Aerial Photographs), Moscow-Leningrad, 1966.

Tolchel'nikov, Yu. S., OPTICHESKIYE SVOYSTVA LANDSHAFTA. PRIMENITEL'-

NO K AEROS"YEMKE (Optical Properties of the Landscape. Applicable to
an Aerial Survey), Leningrad, "Nauka," 1974.

Tolchel'nikov, Yu. S., Khazanova, T. M., "Criteria for the Optical

Classification of Landscapes,' ISSLEDOVANIYE PRIRODNOY SREDY KOS-
MICHESKIMI SREDSTVAMI, GEOLOGIYA I GEOMORFOLOGIYA, Moscow, 1973.

300

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

112,

113.

114,

115.

116,

117,

118.

119,

120.

121,

122,

Tolchel'nikov, Yu. S., Chukov, S. N., "Use of the Optical Character-
istics of Soils and Vegetation in Developing Remote Methods for
Their Investigation,' TEZISY DOKLADOV V DELEGATSKOGO S“YEZDA VOP,
Minsk, 1977.

Fass, V. A., SVETOFIL'TRY (Light Filters), Moscow, 1936.

Fersman, A. Ye., "Role of Aviation in Modern Geography," IZVESTIYA
LENINGRADSKOGO GOSUDARSTVENNOGO UNIVERSITETA (News of Leningrad
State University), Vol 1, 1928.

Fridland, V. M., STRUKTURA POCHVENNOGO POKROVA (Structure of the
Soil Cover), Moscow, 1972,

Kharin, N. G., "Use of Space Surveys for Investigation of Natural
Resources on the Earth," PROBLEMY OSVOYENIYA PUSTYN' (Problems in
Exploitation of the Desert), No 2, 1969.

Khodarev, Yu. K., Avanesov, G. A., Dunayev, B. S., Ziman, Ya. L.,
Chesnokov, Yu. M., "Use of Space Vehicles for Studying Terrestrial
Resources and Monitoring the Environment. Aircraft Experiment,”
METEOROLOGIYA I GIDROLOGIYA (Meteorology and Hydrology), No 4,
1974.

Chervyakov, V. A., "Determination of the Rate of Growth of Gullies
Using Aerial Photographs," VESTNIK MGU, SERIYA 5, GEOGRAFIYA (Her-
ald of Moscow State University, Series 5, Geography), No 1, 1963.

Shvede, U. A., "Interpretability of Soils from a Color Spectrozonal
Photoimage," TR. LSKhA (Transactions of the Lenin Agricultural Acad-
emy), No 154, Riga, 1977.

Shilin, B. V., "Radiothermal Survey," AEROMETODY GEOLOGICHESKIKH IS-
SLEDOVANIY (Aerial Methods for Geological Research), Leningrad, 1971.

Yanvareva, L. F., Nikolayevskaya, Ye. M., "Use of Orbital Photographs
for Small-Scale Agricultural Mapping," ISSLEDOVANIYE PRIRODNOY SREDY
KOSMICHESKIMI SREDSTVAMI (GEOBOTANIKA, POCHVOVEDENIYE, GIDROLOGIYA)
(Investigation of the Environment by Space Vehicles (Geobotany, Soil
Science, Hydrology), Vol 3, 1974.

Yantsh, D. A., "Microphotometric Measurements as a Means for Inter-—
preting Aerial Photographs," VOPROSY DESHIFRIROVANIYA I FOTOGRAM-
METRICHESKOY OBRABOTKI (Problems in the Interpretation and Photo-
grammetric Processing of Aerial Photographs), Moscow-Leningrad, 1963.

"Agricultural Applications of Remote Sensing the Potential from Space
Platforms," USDA AGRICULTURAL INFORMATION, Bull. 328, 1967.

301

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

124,

- 125,

126.
- 127.
128,
129,

130.

131.
132.
133,
) 134,
135,

136.

137.

138.

APPROVED FOR RELEASE

FOR OFFICIAL USE ONLY

Asmus, F., Reinhold, A., "Vorlaufige Mitteilung uber die Anwendung
von Luftbildern bei der grossmastablichen Landwirtschaftlichen
Bodenkartierung," Albrect-Thaer-Arch., 9, 1966.

Baumgardner, M. I., Kristof, S. J., Johansen, C. J., Zachary, A. L.,
"Effects of Organic Matter on Multispectral Properties of Soils,"
PROC. IND. ACAD. SCI., Vol 79, 1970.

Belcher, D. J., "Determination of Soil Conditions from Aerial Photo-
graphy," PHOTOGRAMM, ENG., Vol 14, No &4, 1948,

Buringh, P., "The Application of Aerial Photographs in Soil Surveys,"
MANUAL OF PHOTOGRAPHIC INTERPRETATION, Washington, D. C., 1960.

Bushnell, T. M., "Aerial Photographs for Indiana," PROC. IND. ACAD.
OF SCI., Vol 37, 1927.

Bushnell, T. M., "Aerial Photography and Soil Survey," PROC. THE
AMER. SOIL SURVEY ASSOC., Bull. X, 1929.

Carrool, D. M., "Remote Semsing Techniques and Their Application to
Soil Science, Part 2, The Nonphotographic Semsors," SOILS AND FER-
TILITY, No 8, 1973.

Chevallier, R., "Photointerpretation," BULL. SOC. FRANC. PHOTOGRAMM.,
No 8, 1973.

Chevallier, R., "Photointerpretation," BULL. SOC. FRANC. PHOTOGRAMM.,
No 50, 1973,

Clark, G. R., THE STUDY OF THE SOIL IN THE FIELD, 4th Edition, Ox-
ford, 1957.

Colvocoresses, A. P., "Evaluation of the Cartographic Application of
ERTS-1 Imagery," AMER. CARTOGR., No 1, 1975,

Colwell, R. N., MONITORING EARTH RESOURCES FROM ATIRCRAFT AND SPACE-~
CRAFT, Washington, NASA, 1971.

Draeger, W. C., Benson, A, S., "Applications of ERTS-1 Imagery in
Agricultural Resource Evaluation," PROCEEDINGS OF THE VIIL INT.
SYMP. ON REMOTE SENSING IN ENVIRONMENT, Vol 2, Oct 1972, Ann Arbor,
Mich.

Evans, R., "Multiband Photography for Soil Survey in Breckland East
Anglia," PHOTOGRAMM. REC., No 45, 1975.

Frost, R. E., Woods, K. B., "Airphoto Patterns of Soils in the West-
ern United States," Purdue University, U. S. Dept. of Commerce
Techn. Div. Report, No 85, 1948.

302
FOR OFFICIAL USE ONLY

: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

Y

139,

140,

141.

142,

143,

144,

145,

146,

147,

148.

149,
150.
151,

152,

153.

Gerberman, A, H,, Gausman, H. W., Wiegand, C. L., "Color and Color
IR Films for Soil Identification," PHOTOGRAMM. ENG., Vol 40, No 4,
1971.

Girard, M, C., AIRPHOTOS AND AGRICULTURAL ECOLOGY, 12th Internation-
al Congress ISP, Ottawa, Canada, 1972,

Goosen, D., "The Classification of Landscapes as the Basis for Soil
Surveys," REV., INST. FRANC. PETROLE, Vol 21, No 12, 1966.

Jahansen, C. J., Baumgardner, M. F., "Remote Sensing for Planning
Resource Conservation,” PROC. OF 1968 ANN., MEET. SOIL CONS. SOC.
OF AM,, 1968.

Idso, S. B., Schmugge, T. S., Jackson, R. D., Reginato, R. S., "The -
Utility of Surface Temperature Measurements for the Remote Sensing

of Surface Soil Watch Status," JGR, No 21, 1975.

Kristof, S. J., Zachary, A. L., "Mapping Soil Features Using Multi-
spectral Scanner Data," PHOTOGRAMM, ENG,, No 12, 1974, -

Kuhl, A. D., "Color and IR Photos for Soils," PHOTOGRAMM. ENG., Vol
39, No 5, 1970.

Leamer, R, W., Weber, D. A., Wiegand, C. L., "Pattern Recognition

of Soils and Crops from Space," PHOTOGRAMM. ENG. AND REMOTE SENS-

ING, Vol 41, No 4, 1975.

MacDonald, H. C., Kristof, S, J., "Utilization of Remote Sensing -
Systems for the Automatic Recognition of Soils Features," IEEE 2d

INT. GEOSCI. ELECTRON. SYMP., Wash., D. C., 1970, DIG. TECHN. PAP.

S 1, sia 4/4.

MANUAL OF ATRPHOTO INTERPRETATION OF THE SOILS AND ROCKS FOR EN- -
GINEERING PURPOSES, Purdue University, 1953. '

MANUAL OF PHOTOGRAPHIC INTERPRETATION, Washington, D. C., 1960.

MANUAL OF COLOR AERIAL PHOTOGRAPHY, 1968.

MANUAL OF REMOTE SENSING VIRGINIA, Vol I, II, 1975.

Merifield, P. M., Gronin, J., Foshee, L., Gawerecki, S., Neal, J.,

Stevenson, R., Stome, R., Williams, R., "Satellite Imagery of the

Earth," PHOTOGRAMM. ENG., No 7, 1969. -
Mike, S., "The Function of the Aerial Photograph in the Large-Scale

Soil Mapping," 12th International Congress ISP, Ottawa, Canada, 1972,

303

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

154,

155,

156.

_ 157.

158,

159,

160.

161.

162.

163,

164.

165.

_ 166.

167.

FOR OFFICIAL USE ONLY

Muir, A. H., "The Use of Air Photographs in Soil Survey," PHOTO-
GRAMM, REC., No 6, 1955.

Myers, V. I. Wiegand C. L., Heilman, H. D., Thomas, J. R., "Re-
mote Sensing in Soil and Water Conservation Research," PROC. OF THE
4th SYMP. ON REMOTE SENS, OF ENVIRON., Univ. of Mich., Ann Arbor,
Michigan, 1966. -

Myers, V. I., Heilman, N, D., "Thermal Infrared for Soil Tempera-
ture Studies," PHOTOGRAMM. ENG., Vol 35, No 10, 1969.

Park, A. B., "Remote Sensing of Time-Dependent Phenomena," FROC, OF
THE 6th MICHIGAN SYMP., Ann Arbor, Michigan, 1968.

Parry, J. T., Cowam, W. R., Heginbottom, J, A., "Soils Studies Using
Color Photos," PHOTOGRAMM. ENG., Vol 35, No 1, 1969.

Piech, K. R., Walter, J. E., "Interpretation of Soils," PHOTOGRAMM.
ENG., No 1, 1974.

Pommerening, J. A., Cline, M. G., "The Accuracy of Soil Maps Prepar—
ed hy Various Methods That Use Aerial Photograph Interpretation,"”
PHOTOGR. ENG., Vol 19, No 5, 1953.

Prescott, J. A., Taylor, J. K., "The Value of Aerial Photography
in Relation to Soil Surveys and Classification," JOURN. C.S.I.R.,
Australia, 1930.

Ronald, L. A., "A Land Use Map of the Southwest from Satellite Photo-
graphy,”" GEOGR, REV., Vol 61, No 1, 1971.

Schmugge, T., Gloersen, P., Wilheit, T., Geiger, F., "Remote Sensing
of Soil Moisture With Microwave Radiometers," JGE, Vol 79, No 2,
1974,

Simonett, S., "Potential of Radar Remote Semsors as Tools in Reconn-
aissance Geomorphic, Vegetation and Soil Mapping,' 9th INT. CONGR.
SOIL SCI. TRANS., Adelaide, Vol 4, 1968.

Swanson, C. L. W., "Aerial Photography Requirements for Soil Survey
Field Operation," PHOTOGR. ENG., Vol 20, 1954.

Troll, K., "Luftbildplan und Okilogische Bodenforschung," ZEITSCHRIFT
DER GESELLSCHAFT FUR ERDKUNDE ZU BERLIN, No 7/8, 1939.

Ulaby, F. T., Cihlar, J., Moore, R. K., "Active Microwave Measurement
of Soil Water Content," J. OF REMOTE SENS, OF ENVIRON., No 1, 1975.

304

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7

168. Veenenbos, J. S., "Aerial Photo Interpretation and Analysis for
Soil Survey and Land Classification Purposes," PHOTOGRAMM., Vol 12,
1956.

169. Vink, A. P. A., AERTAL PHOTOGRAPHS AND THE SOIL SCIENCES. UNESCO
AERTIAL SURVEYS AND INTEGRATED STUDIES, Paris, 1968.

170, Webster, R., Beckett, P, H. T., "A Study of the Agronomic Value of
Soil Maps Interpreted from Air Photographs," Moscow, TRANS. 8th
INTERNAT. CONGRESS SOIL SCI., Bucharest, Vol 5, 1964.

171. Westin, F. C., ERTS MSS IMAGERY; A TOOL FOR IDENTIFYING SOIL ASSO-
CIATIONS, COSPAR, APPROACH. EARTH SURVEY PROBL. THROUGH USE SPACE
TECHN., Berlin, 1974. ’

- 172, Wiegand, C. L., Lemaer, R. W., Weber, D. A., Gerbermann, A. H.,
"Multibase and Multiemulsion Space Photos for Crops and Soils,"
PHOTOGRAMM. ENG., Vol 37, No 2, 1971.

COPYRIGHT: "Kolos", 1979

[8144/1698-5303]

5303
CSO: 8144/1698 - END -

305

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300050024-7



